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EFFICIENCY TESTS OF STEAM-TURBINE 
NOZZLES 


By Pror. Freperick H. Srptey, Universiry, ALA. 
Member of the Society 


T. S. Kemsue,' CLEVELAND, O. 
Non-Member 


In 1905 a series of tests was begun at Case School of Applied Science, 
Cleveland, O., to determine the proper proportions and the efficien- 
cies of steam-turbine nozzles for given steam conditions. The final 
tests, from which the results given herewith are derived, were made 
in an apparatus designed by T. S. Kemble, of the Chase Machine Co., 
of Cleveland. The writers spent about two years on these tests, 
and through the generosity of the company and the facilities afforded 
at Case School, were able to procure apparatus of considerable pre- 
cision. 


THEORY OF NOZZLES 


2 By the theory of steam nozzles, a given weight of steam must 


pass all sections of the nozzle in the same time and the nozzle should 
be so constructed that the expansion will take place between the given 
initial and terminal pressures and wholly within the nozzle, the steam 
filling it completely at all sections. The available heat energy of the 
steam will then all be converted into kinetic energy and the efficiency 
will be a maximum. By efficiency we understand the kinetic energy 
of the jet per unit mass, divided by the available heat energy of the 
steam per unit mass. 

3 To find the correct relation between the length and the cone 
angle of the nozzle, that the efficiency may be a maximum, is the 
problem to be determined experimentally. Let 


'T. S. Kemble, Experimental Engineer for the Chase Machine Company, 
Cleveland, O. 


All papers are subject to revision. 
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weight of steam flowing in pounds per second. 
= velocity of the jet in feet per second. 
mass. 
= reaction in pounds, 
acceleration due to gravity at Case School = 32.16015. 
= kinetic energy of the jet in foot-pounds or B.t.u. 
E = total available heat energy of the steam. 
Efficiency = K + E. 


4 From Mechanics we have: K = 4MV? and M=W +g. If 
W = 1 |b., then 
y2 
‘ > B.t.u.) = 
K (the B.t.u.) 29 X 778 
also 
es 
v= W for any flow 


F is the factor to be determined by experiment. 


METHODS SUGGESTED 


5 Three methods may be suggested for determining the efficiency 
of steam nozzles. 


a By measuring the force of the jet when allowed to impinge 
on an external surface. 

b By investigating the character of the jet with a search tube 
inserted axially in the nozzle. 

ec By measuring the reaction of the nozzle when a jet of steam 
is flowing through it. 


6 The first method involves complications which tend to cast 
some doubt upon the results obtained. The force upon the external 
surface may be modified by the character of the surface, by eddying 
and steam friction, and by the distance traveled by the jet after 
leaving the nozzle and before it reaches the surface. When the sur- 
face used is a flat plate perpendicular to the axis of the jet, the force 
may even vary from a maximum to a negative value according to the 
relative location of the plate and nozzle. 

7 The second method was tried in a series of experiments to find 
the pressure in the jet at various sections of the nozzle. A search 
tube was inserted axially in the nozzle and the relation between pres- 
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sure and flow was compared with the theoretical relation, as calculated 
and plotted from the steam tables. The first search tube used was 
of drawn copper yy in. in outside diameter and , in. in inside dia- 
meter. One end was closed and the other connected to a mercury 
column. A -in. hole was drilled through the search tube at right 
angles to its axis. The tube was so actuated as to bring the holes 
into any desired section of the nozzle, and the pressure shown by the 
mercury gage was recorded. 
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DIAGRAM OF PiIsTON APPARATUS 


8 This search tube was a failure, the pressures recorded being 
greatly at variance under identical conditions. This trouble was 
attributed to the capillary action on the condensed steam in the tube 
of the very small longitudinal hole. 

9 A brass tube ~ in. outside diaméter and 4 in. inside diameter 
gave results much more nearly consistent but not nearly accurate 
enough to determine the efficiencies at the various sections of the 
nozzle. 
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10 The third method provided for the determination of the reac- 
tion of the jet in the nozzle, and apparatus was constructed for this 
purpose, differing in detail as follows: 


1 By fastening the nozzle into the outer face of one of a pair 
of rigidly connected pistons suspended in a cylinder. 
Steam entering between the pistons and flowing out 
through the nozzle would produce a measurable reaction. 

2 By using a flexible steel tube suspended freely by one end 
and having the nozzle attached to a chamber at the other 


Fig. 2 FLexipte Tuspe APPARATUS FOR MEASURING REACTION OF . 


end with its axis perpendicular to the axis of the tube. 
Steam flowing downward through the tube and out of the 
nozzle would cause the tube to deflect with a measurable 
force. 

PISTON METHOD 


11 Fig. 1 is a diagram of the piston apparatus, having floating 
pistous rigidly connected with one another. High-pressure steam 
entered between the pistons at A and flowed out through the nozzle 
N to the condenser. The pistons were hung on the end of a cali- 


brated spring enclosed within the exhaust steam space and their 
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weight put an initial tension in the spring. The total movement 
allowed the pistons was about 7, in. and for convenience this move- 
ment was multiplied by the needle F in the ratio of ten toone. When 
steam flowed through the nozzle the reaction of the jet relieved part 
of the tension on the spring and the corresponding decrease of elonga- 
tion was measured by the micrometer nut and screw and expressed 
in pounds. 

12 As first constructed, the pistons moved quite freely when no 
steam was flowing, but when the steam was turned on the static fric- 





Fic. 3 IntTeR1or oF Box ContTAINING FLEXIBLE TUBE APPARATUS 


tion increased so rapidly as to make accurate results impossible. 
When the diameter of the pistons had been reduced to the point where 
the friction became manageable, the leakage of steam past them be- 


came so great as to cause considerable trouble. Furthermore, con- 
densed steam gathered on top of the upper piston, creating another 
source of error, because it was impossible to know the quantity pres- 
ent at any given instant and so to make a corresponding correction. 
Modification of this apparatus in the attempt to overcome these diffi- 
culties would have amounted almost to rebuilding and before doing 
this another method was tried with such success that it was not con- 
sidered necessary to return to the old one, 
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FLEXIBLE TUBE APPARATUS 


13. The flexible tube apparatus (shown in Figs. 2 to 5) was then 
tried with such success that it was not considered necessary to return 
to the piston apparatus. This apparatus was designed with a special 
view to combining the search-tube and reaction methods, by which 
means we hoped to“obtain results more accurate than would result 
from either method ‘alone. 
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Fig. 4 Section or Fiexiste TuBe APPARATUS 
CONDITIONS OF TESTS 
14 All tests were run at night, that there might be no interference 


with other work being conducted in the laboratory and boiler room. 
Steam was generated in a 125-h.p. Babcock & Wilcox boiler at a 
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pressure of 155 lb. gage with a variation of not more than 2 lb. up or 
down. There wads about 50 deg. fahr. superheat at the boiler, which 
was connected with the testing apparatus by about 55 ft. of 5-in. pipe 
and 25 ft. of 4-in. pipe. 

15 In the main steam pipe was located an angle needle-valve 
operated by a sprocket wheel and chain (Fig. 2) which made it pos- 
sible to hold the nozzle feed-pressure very constant. From this point 
the steam passed downward through the tube A to the chamber B, 
(Fig. 4) thence through the nozzle C into the box D, and on through 
the passage E to the condenser. 

16 The upper end of the tube A was screwed into a diaphragm 
on the lower flange of the angle valve. At its lower end it supported 
the chamber B which was allowed to move between stops restrained 
only by the stiffness of the tube and of the spring F. The motion of 
the chamber B was indicated by a needle which multiplied the motion 
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about ten to one. The spring F was operated by a micrometer nut 
and serew and was calibrated in place by known weights hanging on a 
flexible wire cable which extended from the back of the chamber in the 
line of the nozzle axis and down over a ball-bearing sheave. The 
tube A, the chamber B and the nozzle, were all enclosed in the ver- 
tical pipe P and the box D, and the vacuum surrounding them was 
greater than that in the condenser owing to the “augmenter” action 
of the steam jet entering the passage EZ to the condenser. 

17 The initial temperature of the steam was shown by a thermom- 
eter inserted in a well in the chamber B and observed through a glass 
in the box D. A steam gage was connected by a flexible tube to the 
chamber B. The vacuum in the condenser and in the box D was 
shown by mercury columns, and the other column was joined by a 
flexible connection to a hole drilled as near as possible to the muzzle 
of the nozzle and perpendicular to the wall. All these connections 
to the mercury columns were of glass tubing with rubber couplings 
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which allowed the moving parts to swing freely without friction and 
made it easy to observe any accumulation of moisture, and by break- 


ing the connection air could be let through to dry them quickly. 


FORMS OF NOZZLE TESTED 


18 The exact dimensions of the nozzles are shown in Fig. 6 and 
Fig. 7. They were all of machinery steel, bored taper, and had 
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entrances rounded off with a hand tool to approximately 4 in radius. 
All nozzles except No. 15 and No. 18 were bored smooth and polished. 
Nos. 10, 11 and 12 were identical except as to length and angle of 


divergence. No. 18 was like No. 11 except that it was finished rough 
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on the inside between the throat and muzzle, the finishing chip being 
made with a threading tool having an angle of 120 deg., and cutting 
90 threads per inch. No. 14 and No. 15 were identical except that 
whereas No. 14 was bored taper, No. 15 was made in halves, and after 


TABLE 1 DIMENSIONS OF NOZZLES IN FIG. 6 

Gross Gross 
NOZZLE DIAMETER DIAMETER 
No. THROAT OvuTLET 
INCHES INCHES 


Net AREA Net AREA 
THROAT OUTLET 
8Q. INS. SQ. INS. 


LENGTH ANGLE OF 
INCHES DIVERGENCE 


0.3949 1.156 0.0734 1.0005 3a 14° 30’ 
0.3038 1.128 0.0725 0.9993 2H 16° 18’ 
0.3038 1 =N. 8Q. 0.0725 1.0000 2H 13° 37’ 
0.625 1.1315 0.0725 1.0055 3 9° 41’ 





Noz. No.12 
Noz. No.11 


3% 
Noz. No.18 
Noz. No.10 


61 - 


Nozzles No.10, No.11, No.12, and No.18 


Fic. 7 Forms or Nozzies Testep 


TABLE 2 DIMENSIONS OF NOZZLES IN FIG. 7 





Gross Gross 

NozzLe DIAMETER DIAMETER 
No. THROAT OuTLET 
INCHES INCHES 


Net AREA Net AREA 
THROAT OUTLET 
SQ. INS. SQ. INS. 


LENGTH ANGLE OF 
INCHES DIVERGENCE 


0.3940 1.4505 0.0728 6033 
0.3039 1.4240 0.0726 . 5926 
0.3039 1.4231 0.0725 5907 
0.3056 1.4241 0.0733 5930 
0.3039 1.4225 0.0725 5893 
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being bored taper these halves were separated and milled longitu- 
dinally with a 90-deg. cutter, the cut beginning just beyond the throat 
and running deeper toward the muzzle, where the section becomes 
square, with the same area as the muzzle of No. 14. No. 16 was like 
No. 14 but had a larger throat area so that a needle point could be 
introduced to give the same net area as No. 14. No. 9 and No. 13 
are search-tube nozzles made with throat and muzzle areas large 
enough so that the net areas, with the search tube in place, were equal 
’ nozzles. No. 9 
corresponds to Nos. 10, 11, 12 and 18. No. 13 corresponds to Nos. 
14,15 and 16. The dimensions of the nozzles are given in Tables 
1 and 2. 


to the net areas of the corresponding “ reaction’ 


FLOW TESTS 


19 Numerous tests were made to determine the rate of flow of 
steam through the various nozzles. Fig. 8 shows the results of these 
tests plotted to a seale of pounds flow per hour. The variations in 
flow are probably due principally to moisture in the steam, and to 
some extent to leakage from the water to the steam side of the con- 
denser. The condenser was tested and at no time showed a leak 
exceeding two pounds per hour. There was sometimes a trace of 
superheat at the nozzle entrance, and this increased with an increase 
in the volume of flow. At pressures of less than 145 lb., moisture 
was probably always present. For this reason the values used in the 
calculations were the mean flow-values for 145-lb. pressure, and a 
trifle less than the mean for the lower pressures. It is to be regretted 
that we were unable to procure a calorimeter of sufficient accuracy 
for our purpose. 

20 In Fig. 8 the results are given in pounds per hour for the four 
initial pressures. Each small circle represents the result of one flow 
test of from 15 min. to 30 min. duration. The vertical dotted lines 
represent the flow values that were used in the efficiency calculations. 
The flow values for the irregularly shaped nozzles are a little higher 
than the others, as is shown in the upper part of the diagram. The 
diagonal lines simply connect together the results found in the same 
test. For example, the five circles along the lowest line of the chart 
represent the values found for nozzle No. 9 on January 17 and 18, 
1908. The vertical scale is not important although each initial 


pressure is located higher up on the diagram than the preceding one 
as a matter of convenience. 
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being bored taper these halves were separated and milled longitu- 
dinally with a 90-deg. cutter, the cut beginning just beyond the throat 
and running deeper toward the muzzle, where the section becomes 
square, with the same area as the muzzle of No. 14. No. 16 was like 
No. 14 but had a larger throat area so that a needle point could be 
introduced to give the same net area as No. 14. No. 9 and No. 13 
are search-tube nozzles made with throat and muzzle areas large 
enough so that the net areas, with the search tube in place, were equal 


‘ ’ 


‘reaction” nozzles. No. 9 
corresponds to Nos. 10, 11, 12 and 18. No. 13 corresponds to Nos. 
14,15 and 16. The dimensions of the nozzles are given in Tables 


1 and 2. 


to the net areas of the corresponding 


FLOW TESTS 


19 Numerous tests were made to determine the rate of flow of 
steam through the various nozzles. Fig. 8 shows the results of these 
tests plotted to a seale of pounds flow per hour. The variations in 
flow are probably due principally to moisture in the steam, and to 
some extent to leakage from the water to the steam side of the con- 
denser. The condenser was tested and at no time showed a leak 
exceeding two pounds per hour. There was sometimes a trace of 
superheat at the nozzle entrance, and this increased with an increase 
in the volume of flow. At pressures of less than 145 lb., moisture 
was probably always present. For this reason the values used in the 
calculations were the mean flow-values for 145-lb. pressure, and a 
trifle less than the mean for the lower pressures. It is to be regretted 
that we were unable to procure a calorimeter of sufficient accuracy 
for our purpose. 

20 In Fig. 8 the results are given in pounds per hour for the four 
initial pressures. Each small circle represents the result of one flow 
test of from 15 min. to 30 min. duration. The vertical dotted lines 
represent the flow values that were used in the efficiency calculations. 
The flow values for the irregularly shaped nozzles are a little higher 
than the others, as is shown in the upper part of the diagram. The 
diagonal lines simply connect together the results found in the same 
test. For example, the five circles along the lowest line of the chart 
represent the values found for nozzle No. 9 on January 17 and 18, 
1908. The vertical scale is not important although each initial 


pressure is located higher up on the diagram than the preceding one 
as a matter of convenience. 
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SPRING CALIBRATIONS 


21 The accuracy with which the reactions were determined 
depended largely on the care taken in calibrating the springs. These 
calibrations were first made with the spring in place in the apparatus, 
and at the room temperature of about 85 deg.fahr. The readings 
were taken while gradually loading the spring to 25 lb. and then un- 
loading it, repeating the operation a great number of times and taking 
average extension under any given load as the true extension for that 
load. The average extension under a load of 25 lb. was 1.4875 in., 
or 0.0595 in. per lb. In cooling off, tube A, Fig. 4, seemed to warp a 
little, so that after about two minutes there was a decrease in the 
initial extension of the spring of about 0.0025 in. As it took about 
two minutes to shut off the steam and get the initial extension after 
each reaction reading, the spring extensions were all corrected by 
this amount. 

22 Another factor which affected the spring calibration was the 
change in temperature of the spring itself. A thermometer was in- 
serted in the spring casing and the spring calibrated at various tem- 
peratures by observing the temperature and extensions simultane- 
ously. From these temperature calibrations a correction factor 
I[(0.0002423 (t, — t,)] was obtained and used to correct the reactions 
found by using the factor 0.0595 in. per lb. 

23 After the thermometer had been inserted in the spring casing 
it was noted that as the reaction test progressed the temperature at 
first increased and then remained nearly constant regardless of mod- 
erate changes in initial and terminal pressures. This was due to the 
fact that the box D stood open and cooled off between tests and then 
warmed up gradually when the steam was turned on. The average 
temperature in the spring casing was about 135 deg. fahr., or 50 deg. 
higher than the room temperature at which the original calibration 
was made. All the reactions found before this thermometer was in 
place were corrected on the assumption that the spring temperature 
was 135 deg. fahr. While this did not eliminate the error due to the 
fact that the temperature increased during the first part of each test, 
it did bring the average pretty close to what it should be. 


24 Corresponding readings of spring extensions at the beginning 
and end of tests were lower and higher respectively than the average 
extension. This was due to the above-mentioned difference in spring 
temperature. When the spring temperature was read simultaneously 
with the spring extension this difference disappeared. 
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SEARCH-TUBE TESTS 
25 After completing the flow tests and the spring calibrations one 
other factor remained to be determined before the reaction tests could 
be made. This was the determination of the pressure at the muzzle 
of the nozzle. 

26 The reaction of any nozzle is equal to the summation of all the 
components, parallel to its axis, of the pressures within the nozzle 
and in the chamber from which it leads. If the pressure of the medium 
surrounding the nozzle and the chamber is equal to that in the plane 
of the muzzle, then the reaction as shown by the pull on the spring 
is the true reaction. If the pressure of the surrounding medium is 
greater than that in the plane of the muzzle it will decrease the appar- 
ent reaction, and if the pressure of the surrounding medium is less 
than that in the plane of the muzzle it will increase the apparent reac- 
tion. The amount of such increase or decrease will be equal to the 
difference in the unit pressure multiplied by the area of the muzzle. 
The true reaction of the nozzle is equal to the pull of the spring plus 
or minus this pressure difference. 

27 The demonstration of this proposition possibly differentiates 
these experiments from those heretofore published, as the writers 
do not know of any other case where the combination has been used 
in this manner. 

28 The muzzle pressure was found by using the search tube with 
nozzles No. 9 and No. 13. The search tube here used was a selected 
piece of cold-drawn Shelby tube } in. in outside diameter and % in. 
in inside diameter, with six holes 3; in. in diameter drilled perpendicu- 
lar to the axis. The outside of the tube was polished to micrometer 
measurement. The chamber B was rigidly connected to the back wall 
of the box D by the distance piece at J (Fig. 3). The rear end of the 
search tube was encased and supported by a tube at L which had on 
its outer surface a thread fitted with a micrometer nut, and passed 
through the distance piece holding the search tube in the axis of the 
nozzle. 

29 The holes in the search tube were located in the same plane as 
the hole in the wall of the nozzle. One gage wasconnected to the 
box D, another to the hole in the wall of the nozzle, and a third to the 


rear end of the search tube. Simultaneous readings of these gages 


were taken with varying pressures in the box. These readings were 
plotted in Fig. 9 and Fig. 10. 
30 The diagonal lines represent the box pressures, which were 
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raried from 0.5 lb. to 2 lb. absolute. The larger circles represent 
the pressures at the rim of the nozzle and the smaller circles that at 
the center of the nozzle. These are plotted for the four initial pres- 
sures as found on different dates. The dotted horizontal lines repre- 
sent the muzzle pressures used in determining the true reaction. 
For example, on May 22 and 23, with an initial pressure of 100 lb. 
under a box pressure of 0.8 lb. absolute the terminal pressure at 
both rim and center of the nozzle was 0.7 Ib. absolute; 0.648 was the 
average terminal pressure used in the calculations. 

31 The first tests seemed to indicate a higher pressure in the cen- 
ter of the stream than in the rim. Later a leak in the search-tube 
connections was discovered and repaired, and the tests repeated. 
This time the rim readings were constant, while the search-tube read- 
ings came down toward the rim readings, showing that they had been 
affected by the leak. More careful repairs still further reduced the 
leak and the search-tube readings, until there appeared to be no 
actual difference in pressure at the rim and at the center of the stream. 
It was decided to use the rim readings where a difference remained 
as it was hardly possible to keep the search-tube connections perfectly 
tight throughout a night’s run, and error seemed more likely than in 
the rim readings. 

32 Fig. 9 and Fig. 10 show that the pressure in the center of the 
stream remains constant with considerable variation in pressure in 
the box D, and the pressure at the rim of the stream remains con- 
stant until the pressure in the box rises somewhat above that shown 
in the search tube, at which time the pressure works gradually in 
along the rim without at first affecting the center of the stream. 

33 The terminal pressures taken from these tests were further 
corrected by the difference between the pressure in this plane and in 
the exact plane of the muzzle. This correction involved the subtrac- 
tion of only 0.01 Ib. per sq. in. for No. 9, and 0.03 lb. per sq. in. for 
No. 13. 

REACTION TESTS 


34 In making reaction tests the following routine was observed: 
The barometer was read with every observation, and corresponding 
corrections made so that the initial absolute pressure used should 
be exactly 145, 130, 115 and 100 lb. per sq. in. This was for conveni- 
ence in making computations. One observer maintained a constant 
initial pressure by manipulating the needle valve in the steam pipe. 
A second observer maintained a constant vacuum in the box D by 
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manipulating the valves leading to the pump and condenser. A 
third operated the micrometer screw which registered the spring ex- 
tension and thus held the multiplying-needle opposite an index at 
the center of its travel. A fourth and sometimes a fifth man read 
gages, and one man was generally occupied in moving about behind 
the observers to check observations. 


35 As the reaction of the jet forced the chamber B back against 
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Fig. 11 PRetiminary Reaction Tests 


the tension of the spring, the micrometer screw was worked forward 
until the tension in the spring balanced the reaction and the multi- 
plying-needle indicated that B was swinging freely in the central 
position. When the needle remained quiet for an instant in this 
position the observer gave a signal and the thermometer and gages 
were read simultaneously. After each reading the steam was shut 
off, and the position of the micrometer screw with the needle in the 
central position was noted. The difference between this position and 
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that when the steam was flowing gave the elongation of the spring 
due to the reaction. 

36 It will be noted that friction has been entirely eliminated in 
this apparatus, except for the trifling amount due to the movement 
of the multiplying-needle. 


CALCULATION FOR EFFICIENCY 


37 A series of preliminary reaction tests was run on all of the noz- 
zles with the result that nozzles No. 11 and No. 14 were selected as 
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Fic. 12 ComPpaRIsON OF TESTS ON NozzLes 14, 15 AND 16 WITH THOSE ON 
NozzLes 11 anp 18 


representative for future tests. The results of the preliminary tests 
upon these nozzles are given in Fig. 11. Exhaustive tests of long 
duration were then made upon nozzles No. 11 and No. 14 with the 
results shown in Fig. 13 and Fig. 14, and in Tables 3 and 4. Fig. 
12 shows the comparative results of certain of the tests. 

38 In Fig. 11 and Fig. 12 the reactions in pounds absolute are 
grouped together horizontally. The reactions are shown for each 
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of the four initial pressures. The vertical scale is four lines to the 
pound. The horizontal scale is not important, the initial pressures 
being placed diagonally over each other as a matter of convenience. 
The diagonal lines connect the reactions of a single nozzle at the 
various pressures. The arrowheads indicate whether the reactions 





TABLE 3 COMPUTATION OF EFFICIENCY, NOZZLE NO. 11 


| 
1. P. IT. P. Las. Flow FLow B.T.U.s Err 
Apes. PER Sq. REACTION Las. Las. VeL. B.T.U.; Tasie % 
In. Ass. per Hr. per Sec. 
145 0.929 18.134 553 0.1536 3796 288 .0 317.4 90.75 
145 1.029 17.974 553 0.1536 3763 283.0 312.5 90.55 
145 0.829 18.294 553 0.1536 3830 293.1 322.7 90.84 
145 0.929 18.134 558 0.1550 3762 282.9 317.4 89.13 
145 0.929 18.134 548 0.1522 3831 293.3 317.4 92.41 
145 0.929 18.234 553 0.1536 3817 291.2 317.4 91.75 
145 0.929 18.034 553 0.1536 3776 284.9 317.4 89.75 
130 0.832 16.244 498 0.1382 3776 285.0 315.4 90.36 
115 0.735 14.351 442 0.1228 3759 282.4 313.6 90.03 
100 0.638 12.45 385 0.1069 3744 280.1 311.5 89.91 
100 0.738 12.29 385 0. 1069 3696 273.0 304.6 89.63 
100 0.538 12.61 385 0.1069 3792 287.4 319.5 89.94 
100 0.638 12.45 390 0.1083 3696 273.0 311.5 87 .62 
100 0.638 12.45 380 0.1056 3793 287 .5 311.5 92.29 
100 0.638 12.55 385 0.1069 3774 284.6 311.5 91.36 
100 0.638 12.35 385 0.1069 3714 275.6 311.5 88.47 
Assuming 2 per cent moisture 
145 0.929 18.134 553 0.1536 3796 288.0 311.9 92.35 
130 | 0.832 16.244 498 | 0.1383 3776 285.0 310.0 91.93 
115 | 0.735 14.351 442 0.1228 3759 282.4 308.2 91.62 
100 | 0.638 12.45 385 0. 1069 3744 280.1 306.1 91.51 


B.t.u. are given only to the nearest tenth, and for this reason efficiencies are not accurate in 
second decimal place. 

B.t.u.,; = equivalent of kinetic energy of jet in B.t.u. 

B.t.u., = available heat energy of steam. 


shown on that line were taken when the pressure was increasing or 
decreasing. The circles represent the actual reactions in pounds 
as plotted from the tests. Two circles occurring together, indicate 
that two independent readings of the reaction were taken at the 
same time. A larger circle outside the small one indicates the read- 
ing preferred. 





1188 TESTS OF STEAM-TURBINE NOZZLES 


39 Fig. 13 shows graphically the result of a complete series of 
reaction tests on nozzle No. 11, which is practically the same as 


nozzles Nos. 9 and 13. The vertical scale is 20 lines to the pound, 
while the horizontal scale is 100 lines to the pound. The full diagonal 
lines connect together the observed reactions in pounds under a 


< 


varying box pressure. The horizontal dotted lines connect together 


TABLE 4 COMPUTATION OF EFFICIENCY, NOZZLE NO. 14 


SuHowine Errect or Error in DETERMINATION OF TERMINAL PRESSURE FLOW OR REACTION 


IP r. P. Les. FLow FLow 


B.T.U.. Err. 
ARs PER S@. REACTION Las Las 


TABLE 
In. ABs. PER Hr. per Sé£c. 


632 7.83 558 0.1550 3698 
732 , 558 0.1550 3677 
532 9: f 0.1550 3718 
632 { 0.1564 3665 
632 8: 553 0.1536 3731 


.632 ‘ 558 0.1550 3718 
632 7 558 0.1550 3677 
46 5 502 0.1394 3685 
2388 446 0.1239 3672 
116 2 389 0.1081 3659 


216 : 389 0.1081 3630 
016 2 389 0.1081 3689 
116 2 394 0.1094 3613 
116 2 384 0.1067 3707 
116 ‘ 389 0.1081 3689 


3 
3 


116 2 389 0.1081 3630 


Assuming 2 per cent moisture 


0.1550 3698 
0.1394 3685 
0.1239 3672 
0.1081 3659 


B.t.u. are given only to the nearest tenth, and for this reason efficiencies are not accurate in 
second decimal place. 

B.t.u., equivalent of kinetic energy of jet in B.t.u. 

B.t.u.g = available heat energy of steam 


the same reactions after being corrected for the difference in pres- 
sure between the box and the muzzle of the nozzle. The dotted 
diagonal line represents the pressure in the muzzle of the nozzle as 
found with the search tube and is plotted to the same horizontal 
scale as the box pressure. When the box and terminal pressures 
are the same the apparent and corrected reactions are the same, as 
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is shown by the intersection of the three lines. As the box pressure 
increases above that point where the terminal and box pressures 
were the same the apparent reaction falls below the true reaction, 
and as the box pressure falls below that point where the terminal 
and box pressures were the same, the apparent reaction rises above 
the true reaction. As an example, the terminal pressure at 115 lb 
initial pressure is approximately 0.7341 lb. When the box pressure 
was increased to 0.89 the apparent reaction was 14.10 lb. To this 
apparent reaction was added the correction factor (difference in 
pressure < area of muzzle) to give the corrected reaction 0.14.351. 
Fig. 14 is like Fig. 13, the values being for nozzle No. 14. 

40 The method of calculation may be illustrated by the follow- 
ing from nozzle No. 14 with an absolute initial pressure of 145 lb. per 
sq. in. The terminal pressure (See Fig. 10) is 1.662 lb. per sq. in., 
and deducting 0.03 this becomes 1.632 lb. per sq. in. The reaction 
(Table 1) is 17.821 lb. The flow is 558 lb. per hr. or 0.155 lb. per sec. 


} ; reaction X g 17.821 x 32.16 
Velocity = V= = 


- se Sie 
flow (Ib. per sec.) 0.155 3697.6 ft. 


per sec. 


Vv? 3697.6? 


B.t.u., = kinetic energy of jet = = 
By OF Ie = 99 x 778 2X 32.16 X 778 


= 273.22 


B.t.u., = available energy (from steam table) = 289.8 


B.t.u., 273.22 


ney < eo ae 


= 0.9428 or 94.28 per cent 


41 If the terminal pressure had been determined as 1.732 and no 
other factor changed, the true reaction as calculated would have 
been 17.721 instead of that shown in Table 3 and the resulting efficiency 
would be 94.23 per cent. 

42 If the flow had been determined as 563 lb. per hr. with no other 
change of values the efficiency would have figured 92.61 per cent. 

43 A reaction of 17.921 without other change would have given 
an efficiency of 95.34 per cent. 

44 If we assumed 2 per cent of moisture, the efficiency would figure 
as 95.97 per cent. 

45 The efficiency was also calculated by the search-tube method | 
by first plotting curves (similar to those shown in Fig. 15) showin 
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the relation between pressure and rate of flow per unit area of section, 
with adiabatic expansion and with various percentages of friction 
loss. The pressure and flow found by experiment were then plotted 
on this chart and the efficiency determined graphically by comparison. 

16 The chart in Fig. 15 was designed for finding the nozzle 
efficiency by the search tube method. The vertical seale is four 
lines to the pound. The horizontal seale is 10 lb. per hour per line. 
The chart shows the relation between the flow in pounds per square 
inch of section and the pressure in any section of the nozzle, assum- 


100 Lbs.A 


» 
- 
Lbs.Sq.In.Abs.in Section 


Pressure 
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Fig. 15 Pressure-FLow CHartT 


ing adiabatic expansion for the lower curve and 5 per cent loss of 
heat for the upper one. The data for plotting these curves was 
obtained from the steam tables. By plotting the observed values 
of pressure and flow upon these sheets we are able to obtain a graphic 
solution for efficiency. For example, in the case of nozzle No. 9 the 
terminal pressure at 100 lb. initial pressure was found to be 0.638 
lb. per sq. in. and the corresponding flow in pound per square inch 
of section is 238+. From the chart, assuming adiabatic expansion, 
under terminal pressure of 0.638 the flow would be 248 lb. and 
238/248 is approximately 96 = the efficiency. 
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TABLE 5 SUMMARY OF CALCULATIONS OF EFFICIENCY FOR NOZZLES 9, 11, 
13 AND 14 








: 
. IP. Las. T- P. FLow Reac- Tueorer. Caccu.. THrorer. CALCUL 
Nozze PER Sq. LBS. PER [.gs, per| TION B.t.v. Bru. Veu. Fr.Vev. Fr. EF. 
No. In. Ass. 59- IN. Hour |Pounps| Pex Ls. per La. per Sec. PER SEc. % 
ABs. 
y 100 0.638 385 as 96.1 
115 0.735 442 a aa 96.3 
130 0.832 498 ‘ ve 96.0 
145 0.929 oP AP ae ‘ , 95.5 
11 100 0.638 385 12.45 311.5 280.1 3948 3744 89.9 
115 0.735 442 14.351 313.6 282 .4 3962 3759 90.0 
130 0.832 498 16.244 315.4 285.0 3973 3776 90.4 
145 0.929 553 18.134 317.4 288 .0 3985 3796 90.7 
13 100 1.116 j bencal s8 , 98.3 
115 1.288 446 vie ba aUaub olobes d'*e , cae 97.9 
130 1.46 i eee ee isnen : 97.5 
145 1.632 an. Ehedes a ar , ae ae - ; 97.1 
14 100 1.116 389 12.295 284.7 267 .6 3774 3659 94.0 
115 1.288 446 14.147 286.5 269.5 3796 3672 94.1 
130 1.46 502 15.977 288 .2 271.3 3798 3685 94.2 
145 1.632 558 7.82 289.8 273.2 3808 3698 94.3 
TABLE 6 EFFECT OF ERROR IN OBSERVATIONS 
Nozz_e . CORRESPONDING % ERror In 
7 ERROR IN OBSERVATION ; 
No. ErricieNncy 
+ — + = 
9 0.1 Ib. per sq. in. Terminal Pressure 8.5 to 14.0 
11 0.1 Ib. per sq. in. Terminal Pressure 0.03 to 0.3 
13 0.1 lb. per sq. in. © Terminal Pressure 5.4 to 9.2 
14 0.1 Ib. per sq. in. Terminal Pressure 0.02 to 0.07 
9 5 Ib. per hr. Flow 1.0 to 1.6 
11 5 lb. per hr. Flow 1.6 to 2.4 
13 5 lb. per hr. Flow 1.1 to 1.5 
14 5 Ib per hr. Flow 1.67 to 2.46 
i) 2% Dryness Factor 0.9 to 0.6 
11 2% Dryness Factor 1.6 
13 2% Dryness Factor 0.9 to 0.7 
14 2% Dryness Factor 1.7 
11 0.1 Ib. Reaction 1.0 to 1.45 
14 0.1 Ib Reaction 1.05 to 1.54 


Note.—An error of +0.1 lb. would be caused in the calcujlated reaction by an error of +0.1 
jb. per sq. in. in the box pressure-reading of No. 14 or by an error of + 0.0628 Ib. per sq. in. 
jn the box pressure-reading of No. 11 
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RESULTS AND CONCLUSIONS 


47 Table 5 gives a summary of the calculations for nozzles No. 
9, 11, 13 and 14, and Table 6 a summary showing what would be the 
effect of error in the observed values. The discrepancy between the 
efficiencies calculated for the search-tube and the reaction nozzles 
is principally due to the great difference in the effect on the two meth- 
ods of calculation of a small error in terminal pressure. An increase 
of only 75 lb. per sq. in. over the value used would cover the dis- 
crepancy. Corrections for any slight condenser leak which may 
have existed would decrease the flow values and bring the calculated 
efficiencies closer together. 

48 The terminal pressures chosen were the minimum observed 
values. The dryness factor was assumed as 100 per cent. Assum- 
ing a 2 per cent moisture would make the calculated efficiencies for 
No. 13 and No. 14 very nearly equal, and very materially reduce the 
difference between No. 9 and No. 11. 

49 In consideration of the above, taken in connection with Tables 
2 and 3, we may assume that the values 91.5 per cent for No. 9 and 
No. 11, and 95 per cent for No. 13 and No. 14, are probably within 
2 per cent of the true efficiencies. No. 15 and No. 16 show a trifle 
less reaction than No. 14 but the flow also appears to be a trifle less, 
and there is not sufficient ground for assuming any difference between 
the efficiencies of these three nozzles. Neither is there any appreci- 
able difference in Nos. 10,1lland12. No. 18, witha greater flow and 
less reaction than No. 11, shows an efficiency of about three per cent 
less. Since no appreciable difference in efficiency is shown either with 
a variation in cone angle from 9 deg. to 20 deg.,,or with the variations 
in contour shown in nozzles No. 15 and No. 16, smoothness of finish 
would appear to be a much more important factor than contour. 














GOVERNING ROLLING MILL ENGINES 


By W. P. Carine, Enstey, ALA. 


Associate Member of the Society 


In considering the conservation of steam-power equipment for 
driving rolling mills, we must take into account the two methods of 
rolling: the two-high mill driven by a reversing engine, and the three- 
high mill driven continuously in one direction; and the relative amount 
of power required for each. 

2 There is very little variation in the type used for each class of 
mill. Twin engines are used for two-high mills and single engines for 
three-high mills, usually tandem compounds. 

3 The reversing engine for the two-high mill must be powerful 
enough to take care of the engine and mill friction and the maximum 
torque produced by the piece in the rolls in any position. As these en- 
gines are usually twin engines with cranks at 90 deg., each side must be 
capable of doing the work alone when the other side is on the dead 
center. 

4 In determining the size and distribution of the metal in engines 
of thjs type it is the custom to make the dimensions a little larger and 
the parts a little heavier than have been used before for the same work. 
Reciprocating parts are made heavier to stand the shocks, thereby 
increasing their inertia, and making necessary heavier frames, bed- 
plates, bearings and pins, as well as more rigid adjustments, which in 
turn require more attention. 

5 Asan example of the power sometimes used for an engine of this 
type, a certain engine may be cited which was fully capable of deliver- 
ing 25,000 h.p. while the actual average work on the steel passing 
through the mill could not have required more than 2000 h.p. at the 
maximum capacity of the mill. The engine and mill friction, if the 
mill were driven continually in one direction, would not fall much short 
of 1000 h.p. Assuming that each reversal would absorb 50 h.p., 
and that there were ten reversals per minute, 500 h.p. would be con- 


All papers are subject to revision, 
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sumed in this way. The total average work of the engine was thus 
about 3500 h.p., only one-seventh of its capacity. 

6 As the three-high mill is driven continually in one direction, 

the energy stored in the flywheel makes it possible to do the same 
work with considerably less than one-half the maximum power 
required in the former case, the amount depending upon the size and 
weight of the flywheel. The greater the amount of energy the wheel 
can store up, the closer can the maximum power required approach 
the average work of the mill, resulting in the more economical use 
of steam and a lower cost of equipment. 
7 Mill designers do not-always give sufficient consideration to this 
fact and operators have to deal later with high steam cost and diffi- 
culty in keeping the proper steam pressure. Of course, there are 
other features to be considered, but economical use of power is a very 
important item. 

8 For driving a three-high mill a twin engine of the cross-com- 
pound type could be used with an intercepting valve such as is em- 
ployed in locomotive practice, by which the engine could be started 
from any position and handled by a quick-acting throttle valve, so 
that it could be brought to a standstill as soon as a piece passed 
through the rolls, if another were not ready to enter the mill. Such 
an arrangement would go a long way toward answering one of the 
principal arguments in favor of the two-high mill: that its engine 
uses steam only when the piece is on the mill. 

9 If an engine of the type described be furnished with a very 
heavy flywheel located between the engine and the mill, the shocks 
due to the piece striking the rolls will be taken very largely by the fly- 
wheel and not by the engine. Furthermore, if the engine were so 
designed that it could not work through the wide range of steam 
admission, as is the current practice, the abnormal amount of com- 
pression now necessary would be cut down to a large extent, the 
parts of the engine would be strained less, and the engine would run 
with greater steam economy owing to the cutting out of the high 
release pressure during heavy work and the reduction of the number 
of strokes during the period of negative work. 

10 Going into the details of operation of an engine driving a three- 
high mill, we find: 


a That the engine first develops just enough power to take 
care of the friction of engine and mill. 


11 If the engine were running at a constant speed during this 
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period, just enough steam would be admitted to the cylinder at each 
revolution to do the work with the least possible variation of cut-off, 
resulting in the most economical use of the steam. The more the 
speed varies the greater the amount of steam required per horsepower 
developed. 

12 A constant speed is also desirable for another reason; namely, 
the available energy stored in the flywheel is always normal under 
these conditions, whereas with a varying speed it would be below the 
normal about one-half the time. Should the piece strike the rolls 
when the steam pressure is low and the steel cold, the engine would 
be more liable to stall if the stored energy were below normal than if 
it remained constant. 


b Next, the piece strikes the rolls. 


13 The initial force of this blow is absorbed by the flywheel and 
the speed of the engine is reduced in consequence. When this has 
dropped, say four or five revolutions, the governor has probably so 
adjusted the steam valves that the engine is developing its maximum 
power and the valves will remain in this adjustment until the engine 
is nearly up to speed again. During this time the release pressure 
will be high, making it necessary to carry a very high compression, 
conditions under which a non-condensing engine will make the most 
noise. Further, if the steam going to waste were utilized the engine 
would be capable of doing about one-third more work. 


c Next, the piece leaves the rolls. 


14 On many passes the engine is receiving the maximum amount 
of steam at this instant and the flywheel absorbs energy through the 
increase of speed above normal. In the writer’s opinion, this is the 
time when nearly all of the failures of flywheels on rolling mill engines 
occur, and anything that can be done to cut down the amount of 
energy to be absorbed by the wheel at this time will increase the safety 
of the engine and decrease the repairs on thegngine and mill. 

15 Having in most cases reached the highest point of speed, the 
governor will shut off steam entirely from the cylinder, the engine will 
slow down to several revolutions below normal speed before sufficient 
steam will be admitted to increase this speed again and the result will 
be a wide range of the speed variation during the first period when the 
engine has simply to overcome its own friction and that of the mill. 

16 The operations outlined in the foregoing are very complicated 
when two or more passes occur at the same time. 
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17 The results of a study of the above details of operation of the 
No. 1 rail mill engine driving the four-pass roughing rolls at the Ensley 
Rail Mill of the Tennessee Coal Iron and Railroad Company, during 
a series of tests show how great a difference in the performance of the 
engine the writer was able to obtain with one adjusting screw added 
to the governor. 











Fie. 1 Ssowrne LOcATION AND FUNCTION oF THE ADJUSTING ScREw D ON THE 
GOVERNOR 


18 The engine is a Reynolds Corliss, 52 in. by 72 in., non-condens- 
ing, equipped with a long-range cut-off valve gear. 

19 Fig. 1 shows the location of the adjusting screw D on the 
governor. Its purpose is to prevent the governor from dropping to 
position A which would allow the maximum amount of steam to 
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1200 GOVERNING ROLLING MILL ENGINES 


reach the cylinder, as determined by the valve gear. In this case the 
steam was admitted nearly three-quarters of the stroke with the 


governor in this position. When the pin is in position C the steam is 


entirely cut off. The screw D was adjusted very slowly while the 
engine was under load to determine the most advisable position B. 

20 This position must be at a point such that the engine will 
‘arry an average load and also will not stop under a heavy load. It 
‘an readily be seen that by reducing the range of adjustment of steam 
distribution the engine will operate with more economical steam 
consumption and the greatest strains on the engine and mill will be 
reduced. 

21 The degree of success attained by this adjustment may be 
judged somewhat by the accompanying continuous indicator cards 
and tachometer speed curves. Card and curve marked A (Fig. 2) 
were taken together before the attachment was used. Card and 
curve B (Fig. 3) were taken when the attachment was in use. 

22 The speed curves were made by a recording tachometer which 
the writer rigged up from a Schaeffer & Budenberg indicating tacho- 
meter. 

23 This indicating instrument was mounted on a plate, a bevel 
gear being fastened to the end of its driving shaft, which in turn drives 
a shaft with a worm at one end. The worm shaft is mounted on a 
bracket which will swing out of gear, thus disconnecting the indicating 
instrument if desirable. The worm wheel driven by the worm shaft 
runs loose on one of the paper-feed rolls and when a record is to be 
taken a small clutch causes the worm wheel to drive the rolls. Two 
rolls are geared together and a third acts as a press roll. The paper 
rolls used were such as are furnished for the Uehling pneumatic 
pyrometer. 

24 The indicating needle on the original tachometer was replaced 
by a longer one which reached to the paper. A pencil was attached 
to the end of the new needle but there was se much friction that the 
records were of no value, so a small tin funnel was fastened to the 
needle and a linen thread passed through the hole in the bottom, 
protruding about in. The ink in the funnel worked down the thread 
to the paper and made a satisfactory record. 

25 Below the paper-supporting plate is a vertical plate to which 
are fastened two electric bells with the gongs removed and pencils 
substituted for the clappers. One of these bells was operated by a 
contact made once in arevolution of the engine, the record being 
shown at the bottom of the curve A (Fig. 2.) As it was very evident 
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1202 GOVERNING ROLLING MILL ENGINES 


that the paper would always feed the same amount at each revolution 
it was not considered necessary to use this device each time. 

26 The other bell was operated on a circuit that had two gaps in 
series, one of which was‘closed when the indicator cards were started 
and the other kept closed except at the instant an observer at the rolls 
indicated the start and stop of the various passes, by momentarily 
breaking the circuit by means of a push button. This last feature also 
appears unnecessary, as the speed curves have a pronounced change 
of direction at these instants. 

27 From card A it will be noted that during the four passes there 
are 37 records showing that the engine is taking steam, and 22 records 
showing that it is not. These would lead one to think that if every 
card were a positive one, and the work were distributed throughout 
the entire period between pieces, and the mean effective pressure 
averaged, there would be a more economical use of steam, and possibly 
with a heavy flywheel the size of cylinder could be reduced. That 
would be the ideal condition, which cannot be realized, however, 
because of three changing functions: the varying time between pieces, 
the varying temperature of the steel and the varying steam pressure. 

28 Card B, Fig. 3, shows the engine doing the same work as before, 
on a piece of the same length, and it can be seen that the work is dis- 
tributed over 34 revolutions and only two negative cards. With the 
engine running as this card shows, it is a comparatively easy proposi- 
tion to set the valves for economical steam distribution and it is also 
much easier to keep the rods and boxes properly adjusted. The low 
terminal pressure is the cause of the engine’s running much more 
quietly than when card A was taken. 

29 The indicated steam consumption of card A is about 43 lb. of 
steam per h.p. per hr., against 37 Ib. in card B, a saving during rolling 
periods of over 20 per cent. 

30 Of the speed curves, curve A shows that during the friction 
load the engine varies from 66 to 73 r.p.m., with an average of about 
69 revolutions, and after the passes the speed becomes about 80 r.p.m., 
an increase of 11 revolutions above normal. Curve A shows also that 
the second pass is the heaviest one of the four, the speed dropping to 
51 r.p.m. 

31 Curve B indicates that during friction load the speed varies 
only about 3 r.p.m., and that the highest velocity is 75 r.p.m., or 7 
above normal. Some changes were made on the rolls between the 
two records so that the third pass was as heavy as the second and the 
speed drops to about 45r.p.m. These curves indicate that the engine 
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could be speeded up to about 75 r.p.m. and not exceed the speeds 
used before, that more energy was stored in the flywheel and that 
the engine would not drop below the speed shown on Curve A. 

32 Referring to the table, the constant used in items 7 and 8 
is the foot-pounds of work for one stroke of the engine at 1 lb. mean 
effective pressure. 

33 In the original calculation for item 9 only the flywheel was 
considered. This is 22 ft. in diameter, weighs about 130,000 lb. 
and has a radius of gyration of about 7.4 ft. Taking the formula 
Wer? 
2g 
and altering it to get the energy stored up or given out at a change 
in velocity of one revolution per minute it becomes 


energy = 


radius gyration x 2z\2 
wt. wheel ; ) 
60 seconds 
64.32 


Substituting and solving with the values given above 


E for 1 r.p.m. = 1220 ft.-lb. 


E for 1 r.p.m.= 


As the energy varies as the square of the velocity we would use the 
following to represent the amount of energy involved in a change of 
velocity 

E = 1220 n/? — n,’ 


in which n, is the higher number of revolutions of the engine and n, 
the lower number. In checking this up against indicator card and 
speed curve results on friction alone, it became evident that 1180 
was the proper constant to use to include the inertia effects of the 
mill and reciprocating parts. 

34 The constant in item 12 was the average foot-pounds of work 
per revolution during the friction period as calculated from the indi- 
cator cards. The slide rule was used in making the calculations. 





COOLING TOWERS FOR STEAM AND GAS- 
POWER PLANTS 


WITH PARTICULAR REFERENCE TO THE POSSIBILITIES OF THE 
NATURAL-DRAFT AND AUXILIARY-DRAFT TYPE 


By J. R. Brssins, New York 
Member of the Society 


The object of this paper is to bring to the attention of the members 
of the Society a subject which has received relatively little attention 
in the past, but which the author believes merits the careful study of 
all engineers interested in future power-plant development.. The 
cooling tower has been looked upon as a makeshift, and its use has 
been correspondingly restricted. This, however, is largely due to 
the extremely limited information of an exact or technical nature, 
relative to the possible performance under unfavorable weather con- 
ditions, available to the general public, as well as to the somewhat 
uncertain factor of depreciation. And, further, it is the author’s 
belief that the present high prices' constitute the greatest obstacle 
to the more widespread adoption of the cooling tower in both tur- 
bine and gas-power plants. 

2 Believing that interest may be aroused in this subject by a 
more widespread dissemination of engineering data, the author will 
present for discussion a type of tower with which some personal 
experience has been acquired, and suggest a type of combined fan 
and natural draft which would be suited to most efficient running on 
peak as well as light loads. It is not the intention to discredit the 
cooling tower in its present forms but rather to bring about a more 
general recognition of its inherent advantages. 


‘Some recent quotations from a number of builders of forced-draft towers 
suitable for a load of several thousand kilowatts, (not including the motor or 
engine for driving the fan), ranged between $4.80 and $6.93 per kw., as much 
as the entire condensing equipment. 


All Papers are subject to revision, 
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PRESENT FIELD 


3 There is a continual demand for cooling towers from inland 
power stations where the condensing water supply is costly or re- 
stricted. Turbine-driven plants, as a rule, operate with higher 
vacuum than those engine-driven, with the result that the perform- 
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Fie. 1 Cycizs or AVERAGE TEMPERATURE AND Humipity AT PittsBuRGH, Pa. 


ance demanded of the tower must be proportionately better. In the 
past, cooling towers have generally been associated with badly run 
plants and low vacuum. This, however, is clearly a question of de- 
sign and adaptation and not an inherent fault. To be sure, service 
requirements are not easily met (see Fig. 1). Not infrequently atmos- 
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pheric temperatures of 90 deg. to 100 deg. fahr. are encountered, with 
cooling water at 80 deg. to 90 deg. fahr. and humidity above 85 per 
cent saturation. Yet the auxiliary plant must be moderate in bulk 
and the power consumption low. Furthermore, it must be capable of 
overload capacity to tide over daily peak loads and periods of exces- 





TABLE 1 WEATHER CONDITIONS, PITTSBURGH, PA. 





AVERAGE TEMPERATURE 
DEGREES FAHR. 









AVERAGE HUMIDITY 
PER CENT 





1904 
1905 52.1 68 
1906 












ROIs 6 00dcnviaews 


Mamixum TEeEMPPRATURE AND Humipity Rances, Summer or 1906 






TEMPERATURE Days tn Monta 
ABOVE 


AVERAGE FOR 
MONTH 





















AUGUST 


90 deg. _ at 0.6 
85 6 9 14 10.5 
80 8 14 10 20.5 
7 4 SS | 
70 1 sv 


Below 






Days in Montu AVERAGE FOR 













HUMIDITY ABOVE 






JULY AUGUST 


90 % 
80 1 


3 
15 


60 
50 


www Ww 


Below 


Data from Pittsburgh Weather Bureau. 


sively hot and humid weather, and all of this with small investment 
cost. : 

4 Curiously enough, there is an active demand for cooling towers 
in the South, e. g., Florida, where the atmospheric conditions are the 
most unsuitable; also in the Western mining and coast regions. For- 
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tunately, low humidity prevails here, as a general rule (e. g., Colorado 
Springs ranges around 50 per cent). 

5 In power-gas work, the demand for cooling towers is especially 
pressing. The large quantity of water required for engine jackets 
and for gas cooling and washing, entails a heavy expense if water is 
scarce and costly. Gas-engine discharge water, being quite pure, 
should not be wasted, but cooled and returned to the plant. Even 
with deep well pumps supplying sufficient water for cooling, a station 




















Fig. 2 4500-n.p. Narurat-Forcep-Drarr CooLinc Tower at Gary, W. Va., 
ror A Low-PressurE AND HiGcH-PRessuRE TuRBINE INSTALLATION 
THESE TOWERS HAVE AUXILIARY FANS IN THE STACK DRIVEN BY PELTON WHEELS AND SMALL 


TURBINE-DRIVEN ROTARY PUMPS LOCATED IN THE POWER STATION, AND OPERATE WITH 
NATURAL DRAFT WHEN NOT HEAVILY LOADED 


is handicapped by a large expense for auxiliary power consumption. 
In one instance of an Arizona mining plant, the only water available 
for cooling was so impure as to make it necessary to install a eom- 
pletely closed cooling system for the engine jackets, in which no evap- 
oration took place, simply cooling by conduction. In city light and 
power plants, not fortunate enough to be located on water frontage, 
cooling towers built upon the roof have been utilized for engine cool- 
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Fic. 3 1500 u.p. Open-Type Steet Tower at San Luis Porosi, Mexico, ror 
A Gas-PowerR CENTRAL STATION 
ONE TOWER SERVES THE ENGINE JACKETS, THE OTHER THE PRODUCER SCRUBBER. THE SIDES 


ARE ENCASED BY WIRE SCREEN TO REDUCE THE WATER LOST BY WINDAGE. coo.tine, 10 
To 30 DEG. HUMIDITY GENERALLY LOW, AROUND 50 PER CENT, 
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ing. The expense for buying city water for this purpose would other- 
wise be prohibitive except in large plants. 


REPRESENTATIVE INSTALLATIONS 


6 As examples of present cooling-tower practice in connection 
with high-grade power properties, the following may be mentioned: 
a At Gary, W. Va. (Fig. 2), three towers 25 ft. in diameterby 18 

ft. high serve a plant of both high and low-pressure turbines 














Fig. 6 5800 H8.p. NaturaL Drarr Woop Construction Tower FoR STEAM 
TuRBINE PuLant aT Burrs, Mont. 


recently installed in connection with a non-condensing 
engine plant furnishing the mines with light and power. 
A unique feature is the induced-draft fan located in the 
stack and driven by a Pelton water motor, which is served 
in turn by a small turbine-driven centrifugal pump in the 
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power house. This equipment will be referred to later 
in connection with the combined natural-forced-draft 
type. 

b The 13th & Mt. Vernon" station of the Philadelphia Rapid 
Transit Company is another low-pressure turbine plant 
employing forced-draft cooling towers. 

c At the central station at San Luis Potosi, in the Mexican 
highlands (Fig. 3), separate cooling towers serve engine 


TABLE 2 WEATHER CONDITIONS, BUTTE, MONT. 


AVERAGE TEMPERATURE AND Houmupitry, 1894-1904 (WeatHer Bureau, Hevena, Mont.) 


MONTH TEMPERATURE HUMIDITY MONTH TEMPERATURE HUMIDITY 
DEGREES PER CENT DEGREES PER CENT 
| 


January .... 23.7 ‘ 62.8 
February .. 23 .¢ ; August.... 62. 
March ; 28. . September. 52. 
April. ve 40. 54.3 October ... 45. 
| 49. ‘ November. 33. 
Se és cdviae 52. y December . 26. 


Av. for year 41.6 58 .¢ 
Temperature RANGES 


BETWEEN ABOVE PER CENT HOURS PER CENT 
DEGREES DEGREES YEAR YEAR 


Total 


Data from M. H. Gerry. Jr. 


and producer systems, the make-up water being furnished 
from deep well pumps. This plant has been in opera- 
tion since 1904. 

d Western plants of inexpensive construction are the Mt. 
Whitney Power Company (Fig. 4), and the Colorado 
Springs Light & Power Co. (Fig. 5), both turbine plants. 

e Perhaps the best example of the adaptability of cooling 
towers is an equipment designed and built by the Helena 
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Power Transmission Company for its auxiliary turbine 
station at Butte, Mont. (Fig. 6). 

7 This latter tower was made the subject of an exhaustive pre- 
liminary study, and subsequent test, by the company’s engineering 
organization, and through the courtesy of M. H. Gerry, Jr., chief 
engineer and general manager, the writer has been able to place the 
complete report at the disposal of the Society for future consideration. 
The tower (shown in Fig. 6) serves a turbine plant of 4000-kw. cap- 
acity at 28-in. vacuum. The designers state that after two years’ 
experience the results coincide closely with the theoretical deductions 
made before its construction. 


SPECIAL PHASES OF COOLING TOWER OPERATION 


8 Two important factors fortunately contribute to the effective 
operation of a cooling tower: 

a One factor is the well-known characteristic of a natural- 
draft tower considered as a “chimney’’— increase in cap- 
acity with increase in temperature head (see Fig. 12). 

9 In steam work, especially with high vacuum, the general range 
of condenser-discharge temperatures is relatively low; in gas work, 
on the other hand, it is high. Pistons are today operated at temper- 
atures of 140 deg. to 160 deg., cylinders from 120 deg. to 150 deg., 
occasionally higher. Owing to the small volume of water in the 
minor circuits, such as valves, packings, etc., these temperatures have 
little effect upon the average outlet temperature of the engine, which 
ranges from 115 deg. to 130 deg. in the large engines, and 140 deg. 
in the smaller sizes and verticals. This would correspond to a very 
poor vacuum in a steam plant, not more than 24 in. to 26 in.; prac- 
tically out of the question in turbine work. However, this high 
temperature results in a high rate of heat dissipation in the tower per 
unit of cooling surface, with a corresponding reduction in bulk of 
tower. 

b The second factor relates to"developments in the efficiency 
of the steam-condensing plant. 

10 The function of a condenser is, primarily, that of a water heater 
and the measure of its efficiency as a condensing vessel is the differ- 
ence between the temperature of the exhaust steam and that of the 
discharge water. A theoretically perfect condenser would heat the 
outgoing cooling water exactly to the temperature of the incoming 
steam. But in practice from 10 deg. to 50 deg. difference exists, 
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depending upon the type of condenser and the volumetric ratio of 
water to steam. A good surface condensing plant with dry-air pump 
should operate at 28-in. vacuum with a temperature difference of 15 
deg.; often it is more, and the author has seen 25 deg. to 40 deg. dif- 
ference in some of the largest stations in the country. A good baro- 
metric or centrifugal jet condenser, with dry-air pump, should oper- 
ate with a temperature-difference of 10 deg. to lideg. Although 
it is possible for this type to operate on less—perhaps 5 deg. to 10 
deg.—commercial practice rarely concedes such results. 

11 <A very recent development in air pumps has made it possible 
to operate on still smaller difference, from 2 deg. to 5 deg., with a 


| TSHOWING APPROXIMATE MAXIMUM TEMPERATURES OF COOLING 
AIR PERMISSABLE FOR VARIOUS VACUUA 
Temp.Difference | 49 
in Condenser | 
| | 


| | 
_ Sample Setting _ 
for 70, Air 


S.. 
% 


Assumptions 
Vac. Temp. Ratio 
Inches Deg. Water 
Hg. Fabr. Steam 
2 SO 100 
28 101 60 
27 115 40 
& 126 30 
929 B.t.u. per lb.exh.steam 
| Water coolcd to inlet air 
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Vacuum 


1 
: 
= 
2 
é 











Témperature Entrant Air-Fahr, 
40° 50” 60° 70° dO 90 100 





Fic. 7 SsHowrnc Maximum Arr-INLeEt TEMPERATURES FOR VARIOUS VACUUMS 


reasonable water ratio, and even to approximate theoretical condi- 
tions. All this is in the right direction. The smaller this tempera- 
ture differential, the higher the maximum inlet temperatures per- 
missible for a given set of conditions—both water to condenser and 
air to tower. The curves in Fig. 7 show this relation in approxi- 
mate form—vacuum possible with varying condenser and fixed cool- 
ing tower performance. For example, with 28-in. vacuum, 20 deg. 
differential in the condenser, water ratio 60, and 15 deg. cooling in the 
tower, the highest possible temperatureof out side air would be 65 
deg. Fahr. With warmer air, the vacuum would necessarily fall. 
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Under the same conditions, with 10 deg. differential, a maximum 
air temperature of 76 deg. would be permissible; and with 5 deg., 81 
deg. inlet air. It is therefore apparent that the tendency of modern 
condenser development toward higher efficiencies will materially 
assist in the successful operation of cooling towers under extremely 
adverse conditions. 


ELEMENTS OF DESIGN 


12 The most important elements entering. into the design may be 
considered under the following heads; having special reference to the 
enclosed type of cooling tower, which for a given floor space has by 
far the greatest cooling capacity: 

a Type of cooling surface, 

b Water distribution system. 

e Draft and air distribution. 

13 Following are a number of essential points that seem to the 
writer to have a most important bearing upon any type of tower 
designed for maximum duty and efficiency. 

a All tortuous or unduly obstructed passages should be 
avoided. It is of no advantage to give ample spacing 
in one part of the tower and contract it in another, unless 
sufficient stack height is provided to overcome the addi- 
tional resistance. 

Avoid free falling water. It should be distributed so as 
to descend clinging to some form of wetted surface. 

Avoid open spaces in the mat work, usually occurring at 
points where it is difficult to fill in between the frame of 
the tower. This will “short-circuit” and invariably 
diminish the effectiveness of the working sections. 

Reduce working section to minimum possible height, add- 
ing extra stack if necessary. The power required to 
elevate the water is important, and the working height 
of the tower is lost, even in a closed-condenser circulating 
system. 


Baffles or variable spacing are often necessary to obtain 
‘uniform air distribution. 

A settling basin of liberal depth is always advisable in 
order that entrained air may separate. In all jet-con- 
denser installations, this is extremely important owing to 
the amount of air returned to the condenser; and even in 
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surface installations, this air will find its way back to the 
condenser via the feed water: result, impaired vacuum. 

g All wooden mat surface is subject to swelling. Means 
should be taken to insure permanent alignment; other- 
wise serious reduction in draft area and capacity may be 
encountered. 

h For maximum effectiveness, a cooling surface is required 
which provides uninterrupted descent of water, in a thin 
film at all times in intimate contact with ascending air. 
If any interruption is necessary, the descending sheet 
should be guided into place to avoid free fall. 


PRESENT TYPES 


14 The various types of cooling systems now in use naturally group 
themselves into a few general classes: 

a Thesimple spiral-spray nozzle discharging into an open pond. 

15 A prominent example is the 10,000-kw. Wyoming Ave. tur- 

bine station of the Philadelphia Rapid Transit Company, where this 

cooling pond is employed during a portion of the summer months. 

It has been suggested that the sprays be mounted upon the power- 


station roof, thereby taking advantage of the inclined surface of the 
roof for extra cooling effect, suitable gutters returning the water 
to the cold well. There might be some hesitancy about installing 
a reservoir on the roof; but in one notable instance, the recently 
designed gas-power station of the Duquesne Lighting Company, 
Pittsburg, Pa., the roof reservoir forms a very effective part of the 
cooling system. Here a small cascade type of tower assists in cool- 
ing. Without other agency this simple system requires only 10 to 
20 per cent make-up water. 

b The simple tray type, Fig. 3, with water dripping through 
perforations, and cooling entirely by means of transverse 
air currents from the side. 

16 Here no direct draft is possible, and the tower has no direct 
cooling surface. The trays operate simply to arrest the fall of th 
water. In this respect, the type is a simple mechanical refinement 
of a rough frame tower filled with brush, such as has often been 
einployed in temporary power work. It is, however, comparatively 
inexpensive, and under some conditions, may be utilized to advan- 
tage. The tower of the Potosina Electric Company, San Luis Potosi, 
Mexico, is built entirely of structural materials and cools from 10 deg. 
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to 30 deg. with very low humidities. Although encased in netting 
to prevent loss by spraying, as much as 10 per cent of the volume 
passing through the tower is carried away during a brisk wind. The 
inexpensive construction is shown in Fig. 5, using horizontal wire 
screens instead of perforated trays and without wind screens. 
c The simple cascade type, constructed either of wood or of 
corrugated sheet, in which a considerable part of the 
cooling is by actual conduction. 


17 In the case of the original gas engine service plant of the Union 
Switch & Signal Co., Swissdale, Pa., this cascade system materially 
assisted in the work of cooling the gas engine jacket water, but the 
abstraction of heat through the concrete walls of a large reservoir 
was largely responsible for the cooling. This cascade system seems 
to have been overrated. In one prominent plant, the author under- 
stands it to have been a decided failure; in any form, it is extremely 
primitive and not in accordance with effective design. 

d Another representative of the simple types of construction 
is the multiple cascade. (See Fig. 8.) 

18 Here the fall of water is simply interrupted at short intervals, 
and no cooling surface is installed. It is evident that successful 
operation is dependent entirely upon the accuracy with which the 
trajectory of the falling particles can be predetermined in the spac- 
ing of trays and maintained in the subsequent operation of the tower. 
This would require an absolutely constant head. 

19 The tower at Colorado Springs (Fig. 4) utilizes the construc- 
tion as in Fig. 8}, a horizontal slotted surface with wind shields to 
prevent spray loss. This tower gives 40 deg. cooling in fair weather. 
The humidity however is very low, around 50 per cent (relative.) 

e Several American towers are constructed simply of horizon- 
tal lattice work, usually of cypress, the numerous tiers 
being staggered in order to break more effectively the 
fall of water. (See Fig. 8 c.) 

20 In some, the upper and lower faces of the lattice work are 
beveled to lessen the resistance of descending water and ascending 
air. Cooling water is distributed by atomizing nozzles, by numerous 
spray pipes, or by Barker’s mill.!. This type evidently does not lend 
itself readily to natural-draft work, owing to the serious resistance 
offered to the draft by the lattice work. 


' Radial arm distributor propelled by lateral reaction of its own jets. 
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f A modification of the multiple cascade system, used in the 
German tower (Fig. 8 d), endeavors to utilize partly the 
inclined deflecting surface as a cooling medium, although 
it is a question whether this is of much effect owing to 
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the fact that the ascending air in all cases impinges on 
the lower surface of the deflectors, and not on the upper 
wetted surface. 

g Another German design (Fig. 8 e), which has been intro- 
duced into this country, advances one step in introducing 
vertical cooling surface in transverse tiers. But most 
important is the attempt to guide the water downward 
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in the form of a film, by forming each slat with a saw- 
tooth edge, meeting the lower transverse slats and guid- 
ing the water streams thereon. 

21 The designer has evidently appreciated the necessity of avoid- 
ing free fall of water and deliberately piped the water from the flume 
to small troughs serving the upper row of slats. 

22 An American builder has modified this system (Fig. 8k) by 
practically discarding the numerous tiers of slats for vertical ones 
extending halfway down the tower, turning them 90 deg. at the 
' middle of the tower, ostensibly for the purpose of equalizing air dis- 
tribution. However effective this may be, we have here the desir- 
able elements of continuously wetted surface and no free fall of water. 


h A well-known American type, resembling the multiple- 
surface German tower (Fig. 8 e), employs numerous tiers 
of galvanized iron or tile cylinders, with a distributor at 
the top, of the Barker’s Mill type, propelled simply by 
reaction of the issuing jets. 

23 Although highly effective in fan-type towers, there is much 
free falling water owing to the non-continuity of cooling surface; and 
in the author’s experience, there is some objection to the Barker’s 
Mill distributor in the difficulty of maintaining ball bearings in proper 
condition.' 

it Several builders employ continuous galvanized-iron sur- 
face from top to bottom of tower, either in the form of 
corrugated sheathing or of wire mesh, the water being 
carefully guided to the sheets so as to avoid free fall. The 
principle is right. With the close spacing permissible, 
a most intimate contact of air and descending film may 
be maintained. 

j Coming now to exclusively wooden-mat construction, an 
example of the attempt to combine in a single slat con- 
struction all the above-mentioned desirable features, is 
that shown in Fig. 8 g. 


24 This resembles the form employed by Mr. Gerry, at Butte, 
Mont., although it is sketched from a design by Mr. Moser, of the 
Newhouse Mines & Smelters Co., Newhouse, Utah. This tower is 


‘In a Detroit station, the enure condensing plant lost its vacuum on several 
occasions at peak load owing to the stoppage of this distributor; and, finally, 
a three-deck phosphor-bronze ball bearing had to be designed to withstand the 
corrosion from the ascending vapor. 
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of the natural-draft type with a side flume communicating with 
numerous transverse ducts which discharge upon continuous vertical 
slats, the saw-tooth construction being employed to guide the water 
on to the wetted surface. At the bottom, instead of allowing the 
water to fall freely into the receiving basin, each descending sheet 
is caught in a small trough and conveyed to the center of the tower, 
where it descends without retarding the ascending current of air. 
These distributing troughs reduce the effective draft area of the 
tower by about 40 per cent; but, on the other hand, the reduction in 
area is fairly uniform throughout the tower, and the area correspond- 
ingly diminished. That this type is extremely effective is proved 
by the results of the tests at Butte. 


LATH MAT CONSTRUCTION 


25 In a design originated in Detroit, Mich., shown in detail in 
Fig. 9, an attempt was made to subdivide the cooling surface into 
sections or tiers, while maintaining the advantages of continuous 
vertical surface. This it was thought would facilitate the construction 
and repair of the tower; it was also hoped to avoid the distortion of 


the mat surface occasioned by the swelling? of the timber, which it is 
hard to avoid when long slats are employed. 

26 This tower was designed under the direction of Alex Dow, 
Mem.Am.Soc.M.E., general manager of the Detroit Edison Co., 
largely in order to try out the natural-draft type under conditions of 
central station operation. There were many features which could 
have been improved upon, but that the type of mat surface employed 
was extremely effective is shown by the results of tests made in 1902.* 
The important point in design was reduced cost of construction. 
With the exception of the sheet-steel shell furnished by a local boiler 


' Described in Engineering News, March 20, 1902. 

For example, this difficulty was experienced in a large gas-engine cooling 
tower in Texas. Plain horizontal platforms were used, with boards spaced far 
enough apart for the water to drip through. After some time in service, the 
timber had swelled to such an extent as practically to close off two-thirds of the 
tower, deflecting the greater portion of the water to the sides, where it descended 
without being cooled to any extent. This trouble, of course, is not so serious 
in the vertical slat tower; yet in a Boston plant employing rough boards set 
vertically on edge, the boards so swelled and warped that they practically closed 
the intervening air passages at certain points. This distortion may be noted some- 
what in the Colorado Springs tower (Fig. 5). 

’ Conducted by the author and by Messrs. Armstrong and Richardson. 
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maker, the tower was built by unskilled labor employed about the 
station, and its total cost, including shell, concrete and brick work, 
material and labor, was in the neighborhood of $1350, serving a 
1000-h.p. engine-driven plant. The shell was designed self-support- 
ing with an independent internal frame work for supporting the 
weight of the mass. Wooden sheathing could have been used to 
good advantage, however, and the entire tower constructed by 
unskilled labor. 


SKETCH OF LATH MAT-ASSEMBLY 


All Mats installed at inclination of 8” 
Mat tiers incline alternately to right and left 


AAA THY 


‘ re} Use Iron x 
Nails ¥ 
| 


| 








Spaces 


< 
= 


Spacing Strip (lath) 





kK 
? 
i) 


ToS SS 











Supporting 


Joist IVAVAVA A : . VVV VY) 


Adjacent \, 
Mat Mw END VIEW 


Simon |, nnetatate 


~ 
wer Backing Strip supporting Effective Air Opening 
Mat between Joists between Laths 









































16 Laths per Running foot of Mat 


20 sq. ft. effective cooling surface per running foot 


Fic. 10a Derarts or SectionaL Mat Surrace 
27 The mat surface was constructed of common wood lath, 
assembled on a form, with iron nails protected from corrosion by 
being imbedded in the wood. Mat details are shown in Fig. 10 a. 
These lath mats produed a very desirable form of cooling surface. 
The rough surface kept the descending stream in constant agitatign, 
and there was sufficient slope to prevent free falling water for any 
great distance, and also to constrain the ascending air to slice upward 
through the interstices, thereby bringing into use both sides as well 
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as both edges of the lathe. Thus a cooling surface of approximately 
20 sq. ft. per running foot of lath mat was obtained. The various 
tiers were readily assembled in succession, working from the shell 
inward until full. Uniform water distribution was effected by means 
of the pipe-spray system, with laterals spaced like the mats below. 

28 Two series of tests' were made at Detroit at different times, 
first, with only the two upper tiers, and finally with all the mats in 
position. Tables 4 and 5 and Figs. 11 to 13 show the relation between 
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the various quantities observed. It was very noticeable that the 
rate of heat dissipation in B.t.u. per sq. ft. per hr. was considerably 
higher for the uncompleted tower with only about three-fifths of 
the mats in operation. However, by the addition of the remaining 
mat surfaces the tower was enabled to work on lower water tempera- 
ture, and we should therefore expect a lower rate of heat dissipation. 
This would indicate that the upper tiers of towers were more effective 


1 In this plant the condensing system was not well adapted to economic working. 
Air and circulating pumps were direct-coupled, making it impossible to control 
the tower water separately from the condensation. There was considerable air 
in the system from a long run of exhaust piping; and with no dry-air pumps, 
a vacuum of 24 in. was normal practice. But the condenser was operated 
with a temperature differential of 47 deg., so that with an efficient condenser, a 
vacuum of 28 in. might have been obtained with the same tower performance, 
16 deg. cooling, 71 deg. cold well. 
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TABLE 3 COMPARATIVE DATA, DETROIT EDISON TOWERS 


TYPE FORCED DRAFT NATURAL DRAFT 
STATION A STATION C 
Ripe ctavace ss sskeadeus es ‘ 1500 900 
NN I a eae ot 34,780 
CE eS a ee 23.2 
Space occupied, cu. ft 
Space occupied, sq. ft 
Cost complete 
I ait inl te bh bins wt-0 a kat ehd aabre hers 
NS 5 v0 ke co Pies cacseeuatehssve 


DIMENSIONS 





Delivery pipe above ground : 9 ft. ’ 35 ft. 8 in. 
Height over all ‘ . 53 ft. 9 in. 
Height mat section : . , 25 ft. Oin. 
Height stack......... ug oe ; ' 18 ft. Lin. 
Height outlet , 9 ft. Oin. 
Diameter tower............. ; ware 16 ft. Oin. 
Diameter fan.............. 


TABLE 4 TEST OF NATURAL-DRAFT COOLING TOWER, DETROIT 


INCOMPLETE, THREE-Firrus Surrace INSTALLED 


Temperature, Dea. Fanur. QUANTITIES 


FT. 
wa- 


HEAT 
DISSIPATED 

B.T.U. 
LBS, PER HR. 


TOTAL TOWER 
HEAT WATER LBS. 
HEADT PER HR. 


LOAD 
Kw. 


. PER HR. 


CIRCULATING 
TER PER 8Q. FT. 


COOLING SURFACE 
LBS. PER HR. 


HEAT PER 8Q. 


B.T.t 


1 ‘ 7 8 


v— 


12 noon 


375, 000 4,880,000 
375,000 

.30 5 90 ;, 5 § fev 6,108,000 

.30 7. , 375,000 7,120,000 

.30 88. , 375,000 9,000,000 


.30 32. . 399,000 6,384,000 
.00 28. . 88 445,500 6,900,000 
-00 ‘ 94 417,000 12,930,000 
-00 94 427,000 11,532,000 
.00 ‘ : 94.5 . 427,000 12,174,000 


*Assuming a more efficient condenser, say 10 deg. difference, the probable vacuum would be 
26 deg. to 27.5 deg. This condenser actually operated at 40 deg. to 50 deg. difference. 

tTotal heat head = air heating + lost head. 

tOnly three-fifths cooling surface installed. 

§Difference due to rapid change in}load. 
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TABLE 5 RESULTS OF TEST OF NATURAL-DRAFT TOWER, DETROIT 


Engines: 
Condensers: 
Tower: 
Test: 


Weather: 


Load: 


Steam: 


Results: 


Cooling: 


Evaporation: 


Tower: 


ComPLete, Five-Firruas Surrace IgsTaLLeD 


Two 400 i.h.p. 300 kw. MacIntosh & Seymour tandem compound 
engines, overhung generators. 

Worthington surface (admiralty type) 1600-sq. ft. reciprocating 
wet-air pump and circulating pump. 

Wood mat construction, 24,500 sq. ft. evaporating surface, ex- 
clusive of shell. 


March 15 to 16, 1901, 4 p.m. to 4 p.m., 24 hr. 


A.M. P.M. AVERAGE 
Barometer (abs.), min. 30.22 30.07; 30.14 30.27 
Temperature air, deg. 18.5 25; 30 
Relative humidity, percent 76 82; 
600 kw. max. to 50 kw. min. Average....... 
Engine Efficiency = 92.5 =875i-h.p.max. Average. .354.8i.h.p- 

5910.6 
Temperature exhaust steam, deg. Fahr 
Temperature condensed steam, deg. Fahr 108.78 
Weight of steam per hr., max. load, lbs 13,500 
Vacuum (abs.) 25 to 19, average about 22 
Vacuum corresponding to temperature exhaust steam... . 25 
Vacuum possible with good condenser (10 deg. difference) . 28 
gr eee EO EEERTECELET TC 293,536 
Temperature hot well, average, deg. Fahr 87 .50 
Temperature cold well, average, deg. Fahr 71.27 
Vaporization loss per hr., Ibs 5,970 
Condenser surface per kw., sq. ft 2.66 
Steam per kw. hr., lbs 24.3 
Steam per i.h.p. hr., Ibs vere. = 
Circulating water per lb. of steam, Ibs.................. 49.6 
Steam per sq. ft. condenser surface per hr., Ibs... . . 3.7 
12.0 
Difference in temperature between exhaust steam and dis- 
charge, deg. Fahr Sa eet ta 
Max. 20 deg., min. 3 deg—5 deg. Average..... 16.23 
Heat dissipated per hr, B.t.u . 4,769,000 
Heat per sq. ft. tower surface, B.t.u......... oon 195 
Heat per sq. ft. per 1000 lb. water, B.t.u 0.665 
Circulating water, per cent 
Engine steam, per cent 
Surface per kw. (average load 245 kw.), sq. ft 
Surface per kw. (max. load 600 kw.), sq. ft.... 
Surface per 1000 Ib. steam max. load, sq. ft. . 
Surface per 1000 lb. steam average load, sq. ft... . 
Surface per 1000 lb. circulating water per deg. max. 
cooling, sq. ft 
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than the lower. The heat dissipation during the tests on the com- 
plete tower ranged from 200 B.t.u. to 300 B.t.u. per sq. ft. of surface 
per hour under normal conditions, and this could undoubtedly have 
been increased in a carefully constructed tower with suitable con- 
denser apparatus. 

29 In general, the tower showed very little difference in efficiency 
summer and winter, rather against expectations. Apparently the 
increased evaporation possible in the higher air temperatures of 
summer offset the greater conduction of heat in the colder air of 
winter. In very hot weather, a negligible effect from conduction was 
apparent, from the fact that at certain maximum loads the vacuum 
fell rapidly, indicating that the capacity of the tower had been reached, 
due to complete saturation of air, while in cold weather the vacuum 
would hold up better at the same load. This shows that with air 
fully saturated and evaporation checked, the dissipation of heat by 
conduction in hot weather was quite insufficient to give an appre- 
ciable margin of overload. 

30 This tower was in constant use for a period of about four and 
a half years, cooling all of the condensing water for the central station. 
Depreciation was at first thought to be a serious factor, but later, 
when the tower was finally dismantled, the frame work and mats 
were found to be in excellent condition. The only parts showing 
deterioration were the upper sheets of the tower shell lying above the 
distributor, where corrosion had taken place owing to the alternate 
wetting and drying of the surface during the last six months of service 
in 1905 (10-hr. operation). The mats themselves were as sound as 
when put in. After a few months’ service, the mat surface became 
coated with scale due to the incrustating properties of the water. 
This scale would accumulate, crack off and fall to the settling basin. 

31 Although fairly successful, this experimental design might 
have been considerably improved. By straddling the supporting 
joists in the manner shown in detail in Fig. 10 6, the various tiers of 
mats may be brought together into a practically continuous surface 
from top to bottom, thus entirely preventing the fall of water (Fig. 
12). At the bottom, the obstruction to draft may be prevented by 
employing deflecting troughs under each mat, to convey the water 
to the center of the tower, as in the Moser tower, Fig. 8g. A better 
distribution system in the form of horizontal slotted laterals discharg- 
ing upward and over-flowing directly on to the respective mat sec- 
tions is shown in Fig. 10 c. 

32 In any system of stationary jets, it is extremely difficult to 
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obtain uniform distribution of water over the entire tower at different 
rates of flow. With the slotted pipes, it is an easy matter to open 
or close the slots so as to distribute uniformly, and as they are laid 
horizontally, this adjustment is permanent. It is also easy to free 
the laterals from foreign matter, as is not the case with jets. This 
is because of the ample section of the laterals; whereas any system 
using a large number of small distributing pipes or apertures involves 
ultimate trouble from clogging. 
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12 Lost Heap or NaTuRAL AND Forcep-Drart Towers 


THE EVAPORATIVE COOLER 


33 In gas-engine work it is often necessary to economize water 
to the greatest possible extent. In an Arizona mining plant employ- 
ing gas engines, where the mine water was so foul and acid as to 
prohibit entirely its use for cooling jackets, an evaporative cooler was 
recently constructed of ordinary hot-water radiators arranged in 
series-parallel, with air forced over the surface by a motor-driven 
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fan. The well-known counter-current system was employed, and 
the outfit was fairly efficient, the jacket water being cooled 15 deg. 
with a power consumption of 5 per cent of the output of the engine. 

34 It occurs to the author that by keeping the radiator surface 
continually wet the effect of evaporation as well as convection might 
be utilized in cooling. The foul mine water may sometimes be used 
for this purpose without contaminating the jacket circulation. With 
an expenditure of 2} per cent in evaporation, an increase of 24 per 
cent in cooling would be obtained, assuming the air entering and 
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Fig. 13 Comparative Resutts, NATURAL AND Forcep-Drarr Towers 


leaving to be fully saturated (Fig. 15). This system has been 
attempted in connection with steam condensers, but apparently 
without much success. The principle seems entirely logical, but 
the difficulty of maintaining tight joints with thin-walled tubes of 
sufficient diameter to permit of the passage of the proper amount of 
air, would seriously detract from the effectiveness of this apparatus 
by reason of airleakage. The low vacuum shown during tests of such 
apparatus largely confirms this supposition. For gas-power plants, 
however, the type seems admirably suited. 








COOLING TOWERS FOR POWER PLANTS 1233 


STANDARDS OF DESIGN 


35 The cooling tower should be designed with the same flexibility 
as other good power-plant apparatus, as regards capacity under 
various conditions of operation; it is subject to the same peak-loads as 
the prime mover. As a matter of fact, relatively more heat must be 
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abstracted by the tower during peaks owing to the higher steam con- 
sumption of a steam engine per horsepower-hour on overloads. Con- 
sider, for example, a normal central station load. The evening peak 
seldom extends over three hours, and usually the most severe demands 
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on the generating apparatus occur within a period of one hour. 
Here, then, a definite overload capacity in the cooling tower is as 
desirable as in the engine or boiler; and some means should be 
employed to relieve during these peaks the tower which would have 
ample capacity to operate unaided during the remainder of the day. 

36 Again, consider the comparatively short periods of unfavor- 
able weather in normal climates. Reports' from the Butte plant 
(Table 2) reveal a mean temperature of 41.6 deg. fahr. Yet there 
were 99 days of the year in which the temperature was above 70 deg. ; 
50 days above 80, and three days above 90 deg. Fahr. Taking 70 
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Fic. 15 Vapor-ConTEenT IN Arr aT Various TEMPERATURES 


deg. as an empirical standard, it is apparent that for two-thirds of 
the year this temperature would not be exceeded. But careful 
hourly observations at Butte show that a temperature of 30 deg. was 
exceeded only for 681 hr. throughout the year; i. e., 7.9 per cent of 
the actual time. 

37 A study of Pittsburg conditions shows similar results (Table 
1). Average throughout the year, 52.3 deg. The temperature dur- 
ing June, July and August averaged 10.5 days per month above 85 
deg., and the humidity, 15.3 days per month above 80 per cent. 


' Provided by Mr. Gerry. 
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Although the actual hours of maximum are not available from the 
Weather Bureau reports, it is safe to say that these unfavorable 
atmospheric conditions existed not more than one-tenth of the daily 
period, or 2.5 hr. 


TABLE 6 OPERATING DATA, OPEN-SCREEN TOWERS 


Mr. Wuitney Power Co., Visauia, CAL. 


Tower designed for 1500 kw.—2000 kw. at 27-in. vacuum 


Reeeneeniial SeeGes GONINRO, BU, Tha wk 5k dino os sv ctcwccaecs's 9550 

Circulating water handled, gal. per hr................... 1,720,000 

Rate of circulation, Ib. per sq. ft. per hr................. 1500 

INES ba 5040 She ee a es wae eos cake 0% 30 by 47 by 15 high 
10 tiers galvanized iron secreens............. 5 mesh per in. 

Cost of tower including concrete form.................. $2,000 


OBSERVATIONS, OcTOBER 23, 1906 


Maximum load carried, 5.20 p.m., kw................... 1130 
Temperature atmosphere, deg. Fahr.................... 55 
Depression, wet bulb thermometer, deg................. 8.5 
Relative humidity, 50 per cent absolute, gr. per cu. ft... . 2.35 
Temperature incoming hot water, deg. Fahr............. 110 
Temperature outgoing cold water, deg. Fahr............ 100 
Cooling, deg. Fahr. (minimum for day)................. 10 
Vacuum carried (ref. 30-in. barometer), in. Hg........... 26.6 
Difference between temperature steam and condenser dis- 

OE ida once cs Cake aT Sallae Blin skp bakniods <s.0 
Possible vacuum (10 deg. difference in condenser) ....... 
Maximum cooling for day (730 kw.), deg. Fahr.......... 16 


Data from Hunt, Mirk & Co., Engineers, San Francisco, Cal. 


38 It is apparent from the above that the problem of maximum 
capacity in cooling towers involves a condition of peak load existing 
only 5 per cent of the time, and high temperature only 8 per cent of 
the time. Moreover, these maximum demands will not generally 
occur at the same hours of the day. Inthe example cited in Par. 11, 
5 deg. difference in the condenser, the maximum permissible air tem- 
perature would be 81 deg.; the more efficient the condenser, the 
higher the allowable air temperature. Yet at Butte, the temperature 
of 85 deg. was exceeded during only 22 days of the year, or 51 hr. 
This is equivalent to 2.5 hr. during mid-day and less than 0.6 of 1 
per cent of the total time. 

39 Is it, therefore, good engineering to design a cooling tower 
installation with a vacuum-producing capacity large enough for any 
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and all emergencies; or, on the other hand, to provide auxiliary means 
for assisting during these brief periods of maximum demand, while 
keeping the proportions of the tower within reasonable limits for 
normal operation? Might not even a considerable impairment of 
vacuum under the most unfavorable operation be better tolerated 
than the increased expense of equipment suited to maximum de- 
mand? 

40 This, of course, applies particularly to natural-draft towers. 
Flexibility already exists in the forced-draft tower through the 
speeding of the fans; but even here there are some drawbacks owing 
to the high velocities already employed for normal working. Any 
large increase in the velocity of the fan may seriously disturb the 
uniformity of air distribution over the tower surface and give rise 
to eddies destructive to efficiency. That this condition exists, is 
very plainly shown by a survey of the discharge velocity by means 
of an anemometer. Examination of one defective installation by 
this method revealed the fact that fully one-third of the area was 
practically ineffective and that reverse currents actually took place 
in some parts. The air-distribution problem is exceedingly impor- 
tant, and more so in the forced-draft than in the natural-draft tower, 
where low velocities favor uniformity. 


“BOOSTER” TYPE OF TOWER 


41 The natural-draft tower is of itself ill-adapted for operating 
with a fixed temperature head. It thrives on the weakness of the 
condensing system. The lower the vacuum, the better the tower 
works, because of the increase in temperature head. And as this 
is clearly a problem of chimney design, the only way out of the diffi- 
culty is apparently by some method of auxiliary draft. As the speci- 
fic heat of air is about 0.23, it is evident that an increase of 25 per 
cent in heat dissipation would require roughly double this increase 
in quantity of air, in order to maintain the same temperature condi- 
tions. This, however, is well within the capacity of a comparatively 
small fan auxiliary. 

42 There are two methods of accomplishing this result: 

a By locating in the stack an induced-draft fan whieh nor- 
mally remains idle. 

b By installing at the base of the tower a forced-draft system 
so designed as to supplement the natural draft without 
causing a back-flow. 
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43 An example of a is used in the cooling towers at Gary, West 
Va. (Fig. 2). Although designed for constant service, the arrange- 
ment of the stack fan is precisely as suggested. Whether the Pelton 
type of motor, direct-connected to the fan, is superior to belt or chain 
drive from a motor mounted on the outside of the tower, is a question 
of mechanical convenience: the essential elements are present. 

44 The second suggested arrangement is crudely shown in Fig. 
14. The auxiliary air is delivered to the tower through four “L”- 
nozzles supplied from a concrete duct surrounding the base of the 
tower. With this arrangement, the natural draft under the base of 
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Fic. 16 Humipiry Caart ror Wet-BuLs THERMOMETER 


the tower might tend to be reversed owing to the back-pressure 
resulting from the blast. It is believed, however, that with a fairly 
open mat structure such as has been described above, the introduction 
of four auxiliary blast ducts would serve only to entrain more air 
and further assist the tower in the absorption of heat. 

45 Of the two systems, the former has the advantage of being 
already put into practice. However, there is to be said in favor of 
the latter that no working parts, such as fan bearings, belt trans- 
mission, ete., are in the current of vapor; and with a tower operated 
intermittently, corrosion is an important matter, as was proved by 
the deterioration of the upper-sheets at Detroit. Furthermore this 
system lends itself more readily to a square or rectangular-shaped 
tower, which may be desirable in large sizes. 
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CONCLUSIONS 


46 Improved types of cooling towers are in active demand for 
high-grade power plants both steam and gas, especially for low-pres- 
sure turbine installations. 

47 Effectiveness of working is largely dependent on efficiency of 
condenser, i. e., minimum temperature difference between steam 
and discharge water is desirable to increase the temperature head on 
the tower. 

48 Cooling towers are particularly adaptable to gas power plants. 
The bulk of the tower is reduced by the high temperature head avail- 
able with hot jacket water. 

49 Elements of most effective design; avoid free falling water; 
maximum retardation of descent with minimum obstruction of draft; 
insure uniform distribution of water and air; provide the maximum 
exposed wetted surface for a given bulk and an interrupted descent 
of fluid film. 

50 In locations of low humidity simple forms of construction usu- 
ally serve the purpose, except where ground space is valuable. 

51 Sectional lath mat type of tower well adapted tonatural draft 
work. The construction suggested is simple, durable and inexpen- 
sive. 

52 Normal rate of heat dissipation obtained by lath mat construc- 
tion, 200 B.t.u. per sq. ft. 

53 Auxiliary fan “booster” suggested as the best means of obtain- 
ing the desired overload capacity—a combination of natural and 
forced draft. Overload conditions (high temperature, humidity or 
load) usually last but a small percentage of the time—1 to 5 per cent. 
Natural draft suffices for the major portion. 
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THE PITOT TUBE AS A STEAM METER 


By Pror. Geo. F. Gessarpt, Carcaco, In. 
Member of the Society 


Steam meters may be conveniently grouped in two general classes, 
which, for lack of more suitable names, may be designated as a, series 
meters and b, shunt meters. 

2 The series meter is an integral part of the piping, the entire 
mass of fluid to be measured passing through the apparatus. The 
St. John’s and Venturi meters are the best known of this class. In 
the former the volume of fluid passing is determined by the rise and 
fall of a weighted plug valve and in the latter the velocity of flow is 
determined by the well-known principles of the Venturi tube. Both 
are indicating instruments and show only the rate of flow. 

3 In the shunt meter only a portion of the steam to be measured 
is diverted through the apparatus, the velocity of flow through the 
shunt being an indication of that in the main pipe. In this class one 
or more small openings 4 in. or less in diameter suffice for attach- 
ing the apparatus to the pipe. One instrument suitably calibrated 
may answer for any size of pipe. The Pitot tube forms the basic 
principle of practically all meters of this class. 

4 It is the object of this paper to describe a number of applica- 
tions.of the Pitot tube for steam measurements as constructed and 
tested at the Armour Institute of Technology. 

5 The Pitot tube was first used by its inventor, Pitot, in 1837, in 
the measurement of the flow of water and since then has been success- 
fully used in measuring the flow of many fluids and all true gases. 
Considerable difficulty has been experienced, however, in its applica- 
tion to vapors condensable under normal conditions of operation; 
and so far as the writer knows, no commercially successful instrument 
is on the market. 

6 Many of the instruments are interesting laboratory devices and 
are of considerable value for experimental investigations; but on 


All Papers are subject to revision. 
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account of the great number of variables involved, fall short of being 
practical commercial instruments. Fig. 1 illustrates the most com- 
mon and the least accurate application of the Pitot tube for measur- 
ing the flow of condensable vapor in a pipe. S is the static nozzle 
at right angles to, and D the dynamic nozzle facing the current. U 
is an ordinary manometer partially filled with mercury. When there 
is no flow the mercury in columns N and W will be on the same level 
and the upper portions will be filled with condensed vapor. When 
there is a flow the mercury will be depressed as indicated and the dif- 
ference in height H of the mercury columns in the two tubes will be 
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Fie.1 Prror Tuspe wita Mercury Fic. 2 Simpte Gace-Guiass METER 
MANOMETER WITH SELF-ADJUSTING WATER COLUMN 


a measure of the velocity of flow in the main pipe. On account of the 
great density of mercury and the variation in height of the condensed 
vapor above the mercury this application of the Pitot tube has very 
little value scientifically or commercially. For example: With dry 
steam at 100 lb. gage, a velocity of 8000 ft. per min. would give a 
depression H of only one in. and an error of 1/100 in. in measuring H 
would mean an error of 40 ft. per min. in the velocity. 

7 In Fig. 2 is shown the original apparatus designed by Prof. 
R. Burnham of the Experimental Department of Armour Institute 
of Technology and the writer, in which the water of condensation is 
used as a self-adjusting column in place of mercury. This embodies 
the basic principle of many of the meters constructed later. 

8 Referring to Fig. 2, A and C are two ordinary water gage cocks 
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and G an ordinary glass tube. Gage C is connected to the static 
nozzle S and gage A to the dynamic nozzle of a Pitot tube. The 
height of water H is directly proportional to the velocity of steam 
flowing through pipe P and automatically adjusts itself to the varia- 
tions in velocity; thus, for decreasing velocities the water in glass G 
discharges itself through tube D until the water column H balances 
the velocity pressure in pipe P, and for increasing velocities conden- 
sation from the upper part of the instrument accumulates and the 
water column H rises until a balance is effected for the higher velocity. 

9 The velocity of flow is determined by the well known equation: 


V =cV 29H (1) 


in which 


V = maximum velocity of flow, ft. per sec. Dynamic nozzle 
D is inserted in middle of pipe where the velocity is a 
maximum. 

c = coefficient determined by experiment. 

g = acceleration of gravity = 32.2. 

H = 


= height of a column of steam equal in weight to water 
column H, 
Equation (1) may be expressed: 


V,= 139¢ | no (2) 
d, 
in which 
V, = maximum velocity, ft. per min. 
d,, = weight of 1 cu. ft. of water in gage glass G. 
d, = weight of 1 cu. ft. of the steam or mixture in pipe P. 
h = height of column H in inches. 


The weight of steam flowing per hour may be determined by substitut- 
ing the proper quantities in equation (2), thus: 


W = 58 acer V haf, (3) 
in which 
W = weight of steam flowing, lb. per hr. 
a = area of the pipe, sq. in.; other notations as in (2). 


r ratio of the mean velocity to the maximum. 

10 Equations (2) and (3) are general and are applicable to any 
size pipe and any pressure and quality of steam. For a given size 
of pipe, say 3 in. (extra heavy), and a given pressure of steam, say 
70 lb. gage, equations (2) and (3) assume the following simple forms: 

V ='2435 er V A (4) 


W = 1292 er Vh (5) 
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11 Tests with pipes 1 to 6 in. in diameter gave r a value of 0.79 
to 0.84. For a 3 in. extra heavy pipe this value was 0.82 and re- 


mained practically constant for all velocities and pressures (atmos- 
pheric to 100 lb. gage.) Substitute this value of r in (4) and (5), 


v= 1996 c, VA (6) 
w= 1060 ¢, V h (7) 
in which 
v = actual mean velocity, ft. per min. 
w = actual weight of steam flowing, lb. per hr. 
c, = a coefficient determined by experiment. 


Coefficient c, varied from 0.8 to 1.2 for the simple instrument in Fig. 1. 


























Fic.3 INFLUENCE OF SURFACE TEN- 
SION ON HEIGHT OF WATER IN Dy- 
NAMIC NOZZLE 


Fic. 4 Dynamic Nozz_e witu AR- 
RANGEMENT FOR MAINTAINING A 
Constant LEVEL oF OVERFLOW 


12 Variation in the value of c, was found to be due to 


a Fluctuation in height T (Fig. 3), at the end of the dynamic 
tube due to surface tension. With a plain tube this varia- 
tion amounted to as much as 0.25 in. 

b Variation in density of water column. 

ce Capillarity in gage glass G. 

d Aspiration in static tube at high velocities. 


13 (a) A number of devices were constructed for eliminating 
the variation in height of T in the dynamic nozzle but all proved 
inefficient, except that shown in Fig. 4. By serrating the tube as 
indicated in N, Fig. 4, and surrounding it with a corrugated ferrule 
M, thereby forming a series of capillary tubes, the variation was prac- 
tically. eliminated, amounting to but 0.02 in. 
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14 (b) The variation in density of the water column is an inher- 
ent defect of this type of meter and cannot be remedied in this simple 
form of apparatus. The experiments gave a range in temperature 


se 
oe 


Fic. 5 Static Nozzite CorrRectrep ror ASPIRATION 
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of 150 to 300 deg. fahr. resulting in a maximum possible error of 6 
per cent. For high velocities the fluctuation in temperature is neg- 
ligible but for low velocities the range may be considerable. 





























Fic.6 Device ror DeTreRMINING ASPIRATION Errect 


15 (c) Capillarity in the gage glass increases as the diameter of 
the glass decreases and may be considerable in tubes of small bore. 
With a in. tube it amounts to 0.05 in., hence its influence is negli- 
gible for high velocities. 
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16 (d) Aspiration in the static tube is appreciable only with 
velocities above 6000 ft. per min. It may be entirely eliminated by 
beveling the tube as indicated in Fig. 5. In this device the dynamic 
and aspiration effects neutralize each other and only the true pressure 
is recorded. The aspiration effect was determined by means of the 
apparatus illustrated in Fig. 6. It consists of a special fitting con- 
taining a chamber in communication with the main pipe, but so con- 
structed that the velocity of flow in the chamber.is practically elim- 
inated. The difference in pressure between the two openings A and 
B is due to aspiration. Further experiments are necessary to show 
whether any fixed angle is applicable to all velocities. 
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Fic. 7 D1aAGRAMMATIC ARRANGEMENT OF PIPING FOR TESTING STEAM METERS 


17 A simple construction, as illustrated in Fig. 2, with 4 in. pipe 
connections and # in. gage glass, fitted with dynamic tube, as illus- 
trated in Fig. 4, and static tube as in Fig. 5, isan accurate means of 
indicating the true velocity of flow and the actual weight of water 
discharged for all velocities above that corresponding to 1} in. of 
water. For lower velocities any error in reading is so large in pro- 
portion to the entire head as to make considerable difference in results. 
The scale may be graduated to read velocities in feet per minute and 
the water rate in pounds per hour. 


Fe A ~ a lL 
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TABLE 1 TEST OF SIMPLE GAGE GLASS METER 
Sream Pressure 70-1s. Gace. Stream Dry. 3-1n. Extra Heavy Pipe. 





VELOCITIES WEIGHTS 
Feet Per MINUTE Pounps Per Hour 
h 
ACTUAL MAXIMUM DIFFER- 
RATIO ACTUAL METER ERROR 
MEAN BY METER ENCE 
2 2860 3528 1.23 1516 1545 29 1.88 
33 3890 4685 1.20 2062 2052 10 0.48 
54 4530 5480 1.21 2400 2400 0 0.00 
7% 5360 6570 1.22 2852 2878 26 0.91 
92 6170 7405 1.20 3270 3240 30 0.92 
Average 1.21 


Mean Radius 0.82. Coefficient of Meter = 0.82 X 1.21 = 0.992 or practically unity. 
Equation for meter: V = 1996 h, and W = 1060 A. 


18 The results of a few tests of this simple device are given in 
Table 1, and the arrangements of piping for conducting the tests is 
shown diagrammatically in Fig. 7. The results are also plotted in 
Fig. 8. The curves give the weights as calculated from equation (7) 
and the small circles the weights as determined from the condensed 
steam. It will be noted that coefficient c, is unity and no calibra- 


h, Meter Readings —Inches of Water. 
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tion is necessary. Tests on 1-in., 2-in., 3-in., and 4-in. standard pipe 
coefficient of practically unity. The tests tend to show that 
iv. a given size of pipe and a constant pressure and quality of steam 
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Fic. 10 Mertuop or Mountinc CHART 


the actual mean velocity and weight of water may be accurately 
determined by equations: 


d,, 
v= 139 Vh q (8) 


w= 58a V hd, d, (9) 
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This is strictly true for continuous flow only. Interrupted flow, 
as in connection with reciprocating engines, creates a fluctuating 
water column and it is difficult to obtain the mean readings. For 
engines making over 100 strokes per minute the height of water is 
practically constant but for lower speeds the fluctuation increases 
with the decrease in speed. By suitably throttling the lower valve V, 
water column H may be made to assume a fairly approximate mean 
value for speeds as low as 20 strokes per minute in engines taking 
steam full stroke. 

19 The limitations of the simple gage glass meter for commercial 
purposes are: 


a It is purely an indicating device and readings must be taken 
frequently to obtain average results. 

b A seale graduated for a given set of conditions is accurate 
only for these conditions, the degree of accuracy varying 
with the fluctuation in steam pressure, change in quality 
of the steam and variations in temperature of the water 
column. A convenient form of chart for a given size of 
pipe and for a wide pressure range is illustrated in Fig. 9. 
The chart is wrapped around the drum, as in Fig. 10, and 
set to correspond to the given pressure. The height of 
the water column transferred to the chart by a suitable 
pointer gives at once the weight of steam flowing. 

c Rapid increase in flow may cause the water in gage glass G 
to be blown out requiring several minutes for sufficient 
condensation to collect and balance the velocity head. 

d Inaccuracy for velocities below that corresponding to a 
14 in. water column, or roughly, 2000 ft. per min. for pres- 
sures over 70 lb. gage. 

e Cannot be used for measuring the flow of highly superheated 
steam except for practically constant flow and constant 
degree of superheat. With highly superheated steam 
a condensation chamber must be fitted to upper gage 
cock C, Fig. 2. 


20 Fig. 11 shows a modification of the simple gage glass meter 
with simple pipe connection, which requires the pipe line to be tapped 
in only one place. It may be set at any angle with the horizontal, 
thereby increasing the sensitiveness of the readings. 

21 Fig. 12 shows an application of the gage glass meter in which 
many of the defects of the simple gage glass device are eliminated. 
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The error due to the variation in water level at the end of the dynamic 
nozzle is entirely eliminated by making the tube a “dry” tube; i. e., 
water of condensation is not returned through the dynamic nozzle. 
The temperature of the water in the gage glass is practically constant, 
all condensation from the static end being discharged through drain 
F to the chamber below, and all water carried over by the dynamic 
end being discharged into pipe P directly to overflow G. The area 
and volume of chamber M is so large compared with that of glass W 
that sudden variations in flow do not materially affect the level of 
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‘1G. 11 GagGe-GLass METER WITH SINGLE Fic.12 GaGce-Guiass MeTerR witH Dry 
Piree CONNECTION Dynamic TuBE 


water in M and cannot blow the water out of glass W. The only de- 
fect in the instrument is the error due to capillarity in glass G, which, 
as stated before, amounts to but 0.05 in. for a ? in. tube. 

22 The operation is as follows: Velocity pressure is transmitted 
through tube D and opening O, into the body of chamber M. This 
pressure acting on the surface of the condensation in the chamber 
forces water into glass W until a balance is effected. Condensation 
is discharged continuously through pipe P and water seal U of the 
main pipe. Tests of this meter gave practically theoretical results 
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for all velocities ranging from the equivalent of a }-in. water column 
to 10-in. 

23 Fig. 13 shows an application of the self-adjusting water column 
for very low velocities, 2000 ft. per min. and under. Glass ball B 
rises and falls with the water column, transmitting its motion through 
levers L and N, gear sector G and pinion P, to permanent magnet, M. 
The latter transmits its motion to magnet M’ outside the casing. 
Pointer C is fastened to magnet M’. Thus any motion of ball B is 
muitiplied by pointer C and indicated on dial K. Magnets M and 























Fig.13 Meter wits Setr-ApsustiInc Water CoLuMN FoR Low VELOCITIES 


M’ are independently mounted on pivot bearings, M within the casing 
and subjected to steam temperature, the other outside the casing. 
Motion of M is transmitted magnetically to M’ through the casing, 
thus doing away with stuffing boxes. The relative positions of mag- 
nets and casing are illustrated in the lower corner of Fig. 13. On 
account of the angularity of the connecting links and the frictional 
resistances, small as they are, the dial graduations cannot be con- 
veniently calculated but must be calibrated by experiment. 
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24 This instrument is very sensitive, indicating velocity changes 
of 20 ft. per min. When connected directly to the pipe it is subject 
to all of the errors of the simple gage glass meter and is altogether too 
sensitive for accuracy. When connected, however, to the chamber 
illustrated in Fig. 12 taking the place of the gage glass, velocity 
changes as low as 20 ft. per min. have been accurately determined. 

25 Only a few experiments have been made with this device and 
further tests are necessary before definite statements can be made 
relative to its reliability. 

26 All of the devices described above are simple indicating mech- 
anisms, and with the exception of the one illustrated in Fig. 13, can- 
not conveniently be made autographic. 
































Fic. 14 Inpicatinc Imputse MeTeR 


27 For commercial purposes a steam meter should be autographic, 
or better still, integrating. The ideal meter is one which shows at a 
glance the weight of steam flowing for any given period of time and 
which may be read as one does a watt-hour meter. 

28 Fig. 14 shows an application of the Pitot tube for indicating, 
autographically, the weight of steam discharged and differing basic- 
ally from those just described. A permanent magnet N forms the 
spoke of a small aluminum{wheel A. Rotation of wheel A is resisted 
by spiral spring G. D and S are dynamic and static nozzles, respec- 
tively, of a Pitot tube. The velocity head discharges a small jet of 
steam through nozzle M and exerts a force on the periphery of wheel 
A, tending to rotate it about its axis. The angular rotation increases 
with the velocity. The motion of wheel A is imparted through the 








1252 PITOT TUBE AS A STEAM METER 


medium of magnets N and N’ to pointer R. By means of a suitable 
clock-work the angular movement of wheel A may be autographically 
transferred to a chart giving a continuous record of the weight of 
steam flowing. 

29 By permitting the wheel to rotate and by connecting magnet 
N’ to a series of rotary dials an integrating or total output mechanism 
is readily effected. 

30 Experiments are now being conducted with the autographic 
and integrating devices just described, but sufficient data are not yet 
available as to their respective merits. 





COMMENT ON CURRENT BOOKS 


ConcRETE, PLarn AND Reinrorcep. By Frederick W. Taylor and Sanford E. 
Thompson. John Wiley & Sons, New York. Second Edition. 1909. Cloth, 
6 by 9; xi + 807 p.; 249 illustrations. Price $5. 


This second edition of the book brings the treatment of the subject up to date, 
more than 200 pages of text and tables having been added. The new chapter one 
outlines the essentials of concrete construction and the errors frequently made, 
with references to pages in which more detailed information is given. The speci- 
fications for cement and concrete in chapter iii, and chapter ix by W. B. Fuller 
on proportioning, have been revised. Chapters xiv and xv on mixing and depos- 
iting have been enlarged, giving more recent tests on the strength and perme- 
ability of concrete. Chapter xxi on reinforced concrete design has been increased 
from 51 to 131 pages. Tables and diagrams for use in designing cover twenty 
pages, and a complete example of floor design gives the mathematical computations 
in detail. Prof. F. P. McKibben has written the chapter on arches, discussing 
the design of the arch by the elastic theory, a complete example being given 
with all the steps in the calculations. Chapter xxix is a brief history of the 
development of cement manufacture, with an outline of modern processes. 
The list of references to concrete literature in chapter xxxi has been increased 
over 50 per cent. In order to simplify the formula used, the demonstrations 
have been placed as far as possible in footnotes and appendices. 


Contenis by chapter headings: Essential Elements in Concrete Construction; Concrete Data; 
Elementary Outline of the Process of Concreting; Specifications; The Choice of Cement; Classi- 
fications of Cement; Chemistry of Hydraulic Cements, by Spencer B. Newberry; Standard 
Cement Tests; Speecial Tests of Cement and Mortar; Strength and Composition of Cement 
Mortars; Voids and other Characteristics of Concrete Aggregates; Proportioning Concrete, by 
William B. Fuller; Tables of Quantities of Materials for Concrete and Mortar; Preparations of 
Materials for Concrete; Mixing Concrete; Depositing Concrete; Effect of Sea Water upon Con- 
crete and Mortar by R. Feret; Laying Concrete and Mortar in Freezing Weather; Fire and Rust 
Protection; Water Tightness; Strength of Plain Concrete; Reinforced Concrete Design; Arches 
by Frank P. McKibben; Sidewalks, Basement Floors and Pavements; Concrete Building Con- 
struction; Foundations and Piers; Dams and Retaining Walls; Conduits and Tunnels; Reser- 
voirs and Tanks; Cement Manufacture; Miscellaneous Structures; References to Concrete Litera- 
ture; Appendices, 


Concrete. By John C. Trautwine, Jr., and John C. Trautwine, 3d. John Wiley 
& Sons, New York. 1909. Cloth, 5 by 7; ix + 190 p. Price $2. 


The book is essentially the section on concrete in the latest edition of the 
authors’ Pocket-Book, with the addition of chapters on strength of materials, 
mortar and sand—also from the pocket-book. Besides dealing very fully with 
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the characteristics of cement and concrete, the book gives valuable and exten- 
sive data regarding the practice of the art, 
of the Pocket-Book below. 





a feature mentioned in the review 


Contenis by chapter headings: Strength of Materials; Cement Mortar; Aggregates; Reinforced 
Concrete; Experiment and Practice; Digest of Specifications; Cost. 


Crvit Encineer’s Pocket-Boox. Revised by John C. Trautwine, Jr., and John 
C. Trautwine, 3d. John Wiley & Sons, New York. 1909. Nineteenth 
Edition. Leather, pocket size; xxxii + 1257 p. Price $5. 


One of the prominent features of the latest edition of this well-known book 
is the section on cement and concrete, increased from 17 pages in the 1902 edition 
to 126 pages in the present one. The section has its own index for ready refer- 
ence to the “Selected Results of Experiment and Practice;”’ these data, with 
the “Digest of Specifications” for general concrete work, make the book an 
extremely valuable source of information. Revisions of the pages on strength 
of materials; columns; specifications for steel rails, rail joints, iron and steel; 
logarithmic trigonometric functions; hydraulics; price list; business directory; 
and bibliography, have helped to add 300 new pages to the book. 


Digest or Data CoLLecTep BerorE THE YEAR 1908 RELATING TO THE SANI- 
TARY CoNDITION OF New York Harsor. Martin B. Brown Press, New 
York. 1909. 


The Metropolitan Sewerage Commission of New York, of which H. deB. 
Parsons, Mem.Am.Soc.M.E., is a member, has prepared and issued this report 
for the purpose of making public a digest of the analytical data available up to 
1908 relating to the sanitary condition of the waters of New York harbor. The 
investigations here included contribute materially to an understanding of the 
conditions which follow the discharge of sewage into harbor waters, but are not 
presented as a basis for conclusions, further examinations of the water of New 
York harbor and the procurement of additional data being now in progress. 


BETTERMENT Briers. A Collection of Published Papers on Organized Industrial 
Efficiency. By H. W. Jacobs. John Wiley & Sons, New York, 1909. 
Cloth, 6 by 9; 240 pages; 136 illustrations. Price $3.50. 


This book, as its sub-title indicates, is a collection of papers by the author on 
the “movement for the betterment of American railroading.” Thesubjects 
treated are varied, covering the field from shop methods to welfare work for the 
employees. Though the author writes from the viewpoint of the railroad shop, 
much that he says may be applied to other fields of industrial activity. The 
book with its numerous illustrations should make interesting reading; the only 
criticism that may be made is of the reddish brown tint of the ink used for the 
text. 

Contents by chapter headings: Commercial Tool Methods in Railroad Shops; Improved 
Devices for Railroad Soaeg, Heh Goeed Steel in Railroad Shops; Practical Advice to College 


Men; Organization and iency in the Railway Machine Shop; The Relation Between the 
Mechanical and Store Departments; Shop Efficiency; The Square Deal to the Railway Employee. 
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Rosert Futon anp THE CLERMONT. By Alice Crary Sutcliffe. The Century 
Co., New York, 1909. Cloth, 5 by 74, xv + 367 pages; illustrated. Price 
$1.20. 


The author, Fulton’s great-granddaughter, has given an interesting account 
of Fulton’s early life, his work in steamboat navigation leading up to the building 
of the Clermont, with some description of his work on canals, torpedoes, and 
submarines. Doubtless this was the author’s intention, rather than to reply to 
the charges that Fulton was a plagiarist and incapable himself of developing 
the steamboat without the aid of earlier or contemporary investigators. Though 
the reader may obtain the impression that Fulton would never have built the 
Clermont without the backing of Livingston, yet in all his work he showed such 
an indefatigable spirit that it may be assumed that he would have gone far toward 
attaining his end by some other means. Of the whole matter it may be said that 
Fulton should not be celebrated for accomplishing a great engineering feat, but 
rather for making, by whatever means, the first successful commercial application 
of steam power to navigation. The author has evidently spent much time and 
care on the book, and many interesting letters and drawings are reproduced. 


Contents by chapter ss Early Life; Robert Fulton in France; The Trial Boat on the 
Seine; The Clermont; Appendix. 


BIBLIOGRAPHY OF THE CoTToN Manuracture. By C. J. H. Woodbury, A.M. 
Se.D. Published by the author at Boston, Mass. 1909. Cloth 7 by 10 
213 p. Price $2. 


The author’s work as secretary of the National Association of Cotton Manu- 
facturers has given him a valuable viewpoint from which to select the important 
literature of the art. Information has been drawn not only from the manufac- 
turers, but from leading libraries on both sides of the Atlantic, making the list 
very complete as to works in English, French and German. This work is of 
value to investigators in the subjects of cotton manufacture, the finishing of 
goods, or the engineering and mechanical problems pertaining to the matter. It 
also affords a means of directing examinations into the agricultural, commercial 
and historical questions relating to cotton. Apart from the cotton manufacture 
in a technical sense, there are a large number of references to its history and 
economics bearing upon sociological problems involved in the relations of labor 
and capital. 


Contents: Cotton manufacture; Finishing; Engineering and Machinery; History and Eco- 
nomics; Cotton; Journals. 


Atuminum Hanpsoox. Published by The Aluminum Company of America, 
Pitisburg, Pa. Size 44 by 7; 154 p.; illustrated. 


Much interesting and valuable information regarding aluminum will be found in 
this book, which is made up of five pamphlets dealing with the properties of the 
metal, and its various products. It is attractively bound in leather, with a thumb- 
index, supplemented by a table of contents for each section. The typographical 
work is excellent and the illustrations are of a high order. 


Contents: Properties of Aluminum; Alloys of Aluminum; Methods of Working Aluminum; 
Fabricated Aluminum; Useful Tables. 

















ACCESSIONS TO THE LIBRARY 


Tue AMERICAN Society OF MECHANICAL ENGINEERS. Transactions. Vol. 30. 
New York, 1909. 

AMERICAN Society or SwepisH EnGineERS. Bulletin. Vol. 3. No. 7. Sup- 
plement. Vol. 3. No. 1. October 1909. Brooklyn, N. Y., 1909. Gift 
of society. 

BeTTeRMENT Briers. A collection of published papers on Organized Industrial 
Efficiency. By H. W. Jacobs. Topeka, Kans., Crane & Company, 1908. 
Gift of author.. 

Civit Enerneers Socrery or St. Pauy. List of Members. April 1, 1909. St. 
Paul, Minn., 1909. Gift of societv. 

ComMMON METALS (NON-FERROUS) Me: \.:0RGY OF Copper, Tin, Zinc, Leap, ANTI- 
MONY, ALUMINUM AND NickeL. By A. H. Sexton and J. 8. G. Primrose. 
Manchester Scientific Pub. Co. 

CORRESPONDANCE AU SuJET DE LA Notion pu Travaiu. Lidge, 1908. Gift of 
C. W. Rice. 

Cyrus Hatt McCormick. His Lifeand Work. By HN. Casson. Chicago, Iil., 
A.C. McClurg & Co., 1909. 

ELECTROMOTIVE ForcE WaAvVE-SHAPE IN ALTERNATOR: By C. A. Adams, 
(Reprint from A. I. E. E. Proceedings, July 1909.) 

ELEMENTS OF Mecuanics oF Marteriats. By C. E. Houghton. New York, 
D. Van Nostrand Co., 1909. 

ENGINEERING OF ORDNANCE. By. A. T. Dawson. (Supplement to Transactions, 
Junior Institution of Engineers. Vol. 19.) London, 1909. 

EXPERIMENTAL Stupy oF BaGassE AND BaGasseE Furnaces. By E. W. Kerr 
and E.M. Perey. Baton Rouge, La., 1909. Gift of Louisiana State Uni- 
versity Experiment Stations. 

FUNYZEHNTEN INTERNATIONALER STRASSENBAHN UND KLEINBAHN KONGRESS, 
MtncHEN, Sept. 7-10, 1908. Brussels, 1908. Gift of Elektr. Kraftbetrieve 
und Bahnen. 

From Canoe To TunNEL. A sketch of the History of Transportation between 
Jersey City and New York, 1661-1909. Jersey City, N. J.,1909. Gift of 
Free Pubic Library, Jersey City. 

INDIANA ENGINEERING Society. Twenty-ninth Annual Report. Jndianapolis, 


Ind., 1909. 

JOURNAL OF AMERICAN History. Vol. 1. No.2. 1907. New Haven, Conn., 
1907. 

LAVORAZIONE E TEMPERA Decut Acctar. By A. Massenz. Milano, U. Hoepli, 
1909. 


LELAND STANFORD JuNIOR UNiIversity. Register, 1908-1909. San Francisco, 
Cal., 1909. 

McGitt University. List of Graduates, corrected to July 1906. Montreal, 
1906. 
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New York Strate Commissioner or Excise. Thirteenth Annual Report. 
Albany, N. Y., 1909. 

Paciric BUILDER AND ENGINEER. Vol. 8. No. 39. Seattle, Wash., 1909 

Po.te-Face Losses. By C. A. Adams, and others. (Reprint from A. I. E. E. 
Proceedings, July 1909.) 

Raitway Locomotive. By Vaughan Pendred. New York, Van Nostrand (o., 
1908. 

REINFORCED CONCRETE IN Europe. By A. L. Colby. Easton, Pa., Chemical 
Pub. Co., 1909. Gift of author. 

Rosert FuLToN AND THE CLERMONT. By Alice Crary Sutcliffe. New York, 
Century Co., 1909. 

SELDEN AUTOMOBILE PATENT CaASEs. 

TecunicaL Leacue. Bulletin. Vol. 1. No. 2. New York, 1909. 

Testinc AspHatt. By Harry Tipper. 

TREATISE ON CONCRETE PLAIN AND Reinrorcep. Ed.2. By F. W. Taylor and 
8S. E. Thompson. New York, J. Wiley & Sons, 1909. 

Tue Vermont Enoineer. Annual publication of the Association of Vermont 
Engineers. Vol. 1. 1909. Burlington, Vt., 1909. Gift of Association. 
VottaGE Ratio in SyNcHRONOUS CONVERTERS WITH SPECIAL REFERENCE TO 

THE Spuit-PoLe Converter. By C. A. Adams. (Reprint from A. I. E. F. 
Proceedings, June 1908.) 
Lo Zinco. By R. Musu-Boy. Milano, U. Hoepli, 1909. 


EXCHANGES 


AMERICAN INstTITUTE OF ARCHITECTS. Proceedings. Forty-second Annual Con- 
vention, 1908. Washington, 1908. 

Heat Transmission. By W.E. Dalby. (Reprint from Institution of Mechani- 
cal Engineers.) London, 1909. 

InsTITUTION OF NavaL ArcuiTects. Transactions. Vol. 51. London, 1909. 

Master Car Buripers’ Association. Arbitration Cases. No. 1-603. Novem- 
ber 1888—October 1900. Chicago, Ill., 1901. 

NATIONAL AssociATION OF Corton MaNuracTuRERS. Transactions. No. 86. 
Boston, Mass., 1909. 

Victorian Institute oF Encineers. Proceedings. Vol. 9. Melbourne, 1909. 


Girt oF APPALACHIAN ENGINEERING ASSOCIATION 


Hyprautic Power Possisiities or THE Sours. By L. 8. Randolph. Mor- 
gantown, 1909. 

Leap AND Zinc Ores or SourH-WesTeRN ViraintA. By M.M. Caldwell. Mor- 
gantown, 1909. 

MerHop or ProsPectinG ror Coat ABpove Water Levev. By Baird Halber- 
stadt. Morgantown, 1909. 

ORGANIZATION AND ENGINEERING DIFFICULTIES OF THE VIRGINIAN RAILWAY. 
By W. N. Page. Morgantown. 1909. 

PROPERTIES AND Uses OF THE MINERAL Gypsum. By F. A. Wilder. Morgan- 
town, 1909. 
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UnitTep ENGINEERING Society 


Enatngeers’ Cius or Cincinnati. Secretary’s Report and List of Members 
1890-1905, 1907-1909. Cincinnati, 1890-1905, 1907-1909. 


TRADE CATALOGUES 


ALuMINUM Company OF America, Pittsburg, Pa. Five pamphlets. 

ARMSTRONG CorK Co., Pittsburg, Pa. Nonpareil Corkboard Insulation. 1909. 

H. W. Catpwe.it & Sons Co., Chicago, Ill. Catalogue No. 34; elevating, con- 
veying, and power transmitting machinery. 847 pp. 

De La VeRGNE Macuine Co., New York City: Oilengines, horizontal, four-cycle, 
and vertical two-cycle types. 84 pp. 

GENERAL Execrric Co., Schenectady, N. Y. Bulletin No. 4691. Small poly- 
phase motors, 6 pp.; No. 4694. Portable sub-stations for electric railways, 
8 pp.; No. 4695. G-I type K enclosed are lamps, 16 pp.; No.4698. Luminous 
are headlights, 6 pp.; No. 4699. Motor-driven air compressors, geared type, 
6 pp.; No. 4700. Switchboard instruments, type R-2, 5 pp.; No. 4701. 
Emergency straight air brake system, 10 pp.; No. 4704. G. E.-219 railway 
motor, 15 pp. Price list No. 5210,8 pp. Folder on contents of November 
G. E. Review, 3 pp. : 

GLIDDEN VARNISH Co., Cleveland, O. Protection of iron and steel against corro- 
sion by acid, and graphite acid-proof coating. 8 pp. Advanced finishes for 
modern building construction. 8 pp. 

GOLDEN-ANDERSON VALVE Speciauty Co., Pittsburg, Pa. Catalogue No. 12. 
Valves, steam and water specialties. 68 pp. 

LANGDON-Davies Moror Co., Lrp., London. Size and types of motors, also use- 
ful tables. 8 pp. 

SanDuSsKY Founpry & MacuineCo., Sandusky,O. Paper made by “ Millspaugh”’ 
suction roll process. 20 pp. 

UNDERFEED SToKeER Co. or America. Chicago, Ill. Publicity magazine, October 
1909. 15 pp. 

Unitep-Evecrric Ligut & Power Co., New York City. Light, September 1909. 
12 pp. 

L. J. Wing ManuracturinG Co., New York City. Bulletin No. 6. “Typhoon” 
turbine blower for mechanical draft. 15 pp. 














EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. The list of men available is made up of members of the Society, 
and these are on file, with the names of other good men not members of the Society who are 
eapable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


080 Experienced draftsman in general rolling-mill work, especially new con- 
struction, at a large steel plant in the middle West. State experience and salary 
expected. 


081 Position competent designer of mathematical and optical instruments 
at Frankford Arsenal, Philadelphia, Pa. Address the Commanding Officer, 
giving full particulars as to training and experience. 


082 Wanted—A thoroughly practical and energetic mechanic to take position 
as rate fixer on premium work in machine shop building a line of air compressors. 
Applicant must have had broad experience in practical shop work. 


083 Assistant professorship, in charge of design courses in engines, steam 
turbines, locomotives or gas engines, with assured advancement to full profes- 
sorship in few years, for the right man. Institution desirous of having its men 
do outside work. Want a man of ability and experience. Position would pay 
initially from $1800 to $2000. Location, New York state. 


084 Thouroughly competent young man to take a position as assistant 
engineer, particularly in connection with automobile work. Would like to get 
in touch with a man who has had shop experience, particularly in connection 
with heat treatments of steels and other metals. 


MEN AVAILABLE 


321 Superintendent and manager desires change for larger opportunity. 
High grade organizer and executive. Specialized on equipment, production, and 
costs. 


322 General manager or assistant, graduate M.E., at present holding similar 
position, would like to make change; ten years practical experience; good execu- 
tive ability, best of references. 
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323 Technical graduate desires position as assistant to superintendent, test- 
ing engineer, or similar position; age thirty-three; has employed and had charge 
of men. 


324 Junior, experienced in power-plant design and installation; manufactur- 
ing of condensers, pumps, piping, etc.; shop and business experience; desires 
responsible position, best of references. 

325 Member, forty-three years of age, graduate M.E., experience as drafts- 
man, chief draftsman, mechanical engineer, and chief designer of steam engines 
and compressors. Will accept position after February,1, 1910, with firm build- 
ing or contemplating building this class of machinery. 


326 Junior member, technical graduate, mechanical, six years experience, at 
present employed. Designing, estimating costs, inspecting and erecting with 
car-building company; assistant engineer with engineers and contractors on power 
and industrial plant construction. Would prefer connection from January 1, 
1910, with engineering organization or manufacturer in New York city, as assistant 
engineer, assistant manager or sales engineer. 


327 Member would like connection with firm, or individual manufacturer 
who is looking forward to gradually retiring from active oversight of business 
and desires some one to assume the responsibility. Possess a well rounded ex- 
perience in shop work and designing, and as general superintendent covering all 
sides of a business. Personal interview preferred. ; 


328 Junior member, graduate. mechanical engineer, specialist on gas engines 
and refrigeration, would like to become associated with an established consult- 
ing engineer, or with a firm needing an up-to-date man. 











CHANGES IN MEMBERSHIP 


CHANGES OF ADDRESS 


ADAMS, Kilburn E. (Junior, 1908), Mech. Engr., Boston & Albany R. R., Rm. 
372, South Sta., Boston, and for mail, 123 Oxford St., North Cambridge, 
Mass. 

ADAMS, Thomas D. (Junior, 1906), Werner & Pfleiderer, and for mail, 619 Emer- 
son St., Saginaw, Mich. 

ALEXANDER, Edward E. (Associate, 1908), Ch. Draftsman, Am. Loco. Co. 
Cooke Wks., and for mail, 830 E. 23d St., Paterson, N. J. 

ANDERSON, Harry Warfield (Associate, 1907), Anderson-Kent Co., 1030 Cand- 
ler Bldg., and for mail, Owens Apts., 5 E. 3d St., Atlanta, Ga. 

ARD, Charles Edgar (1908), Mgr., Christopher, Ard & Co., Engrs. and Contrs., 
Starkville, Miss. 

BAGGALEY, Ralph (Associate, 1891), Life Member; 5th Ave. and Emerson St., 
Pittsburg, Pa. 

BANTA, Earle J. (1907), Cincinnati Equipment Co., Cincinnati, O. 

BARNES, Charles B. (1905; 1908), Mech. Engr., Holabird & Roche, Archts., 
Monadnock Bldg., and for mail, 1400 E. 53d St., Chicago, Ill. 

BEECHER, J. F. (Associate, 1908), Draftsman, Pa. Steel Co., and for mail, 
310 N. 2d St., Harrisburg, Pa. 

BIGELOW, Charles H. (1904), with Chas. T. Main, Mill Engr., 45 Milk St., Bos- 
ton, and for mail, 46 Calhaun Ave., Everett, Mass. 

BLANCHARD, Arthur 8. (Associate, 1909), Asst. Genl. Mgr., Birdsboro Steel 
Fdy. & Mch. Co., Birdsboro, Pa. 

BRIDGE, James W. (Associate, 1905), Boswell, Pa. 

BROWN, Robt. S. (1891; 1904), Secy., New Britain Mch. Co., and for mail, 
16 Forest St., New Britain, Conn. 

BURGESS, Edward W. (Junior, 1908), Metzger Motor Car Co., and for mail, 147 
Milwaukee Ave. E., Detroit, Mich. 

CHAMBERLAIN, Geo. E. (1907), Pres., Lewell Mfg. Co., 1402 Mich. Ave., Chi- 
cago, Ill. 

CONLEE, George D. (Junior, 1906), Supt., Binghamton Gas Wks., 40 Chenango 

PQ St., and for mail, 71 Carroll St., Binghamton, N. Y. 

COX, Claude E. (Associate, 1907), H. E. Wileox Motor Car Co., Minneapolis, 
Minn. 

CRANE, William Edward (1887), Broadalbin, N. Y. 

CRAWLEY, George E. (Junior, 1908), 548 W. 124th St., New York, N. Y. 

DAUGHERTY, Frank (Junior, 1909), Cons. Engr.,€2109 Chestnut St., Phila- 
delphia, Pa. 

DAVIS, Edwin Halsted (Junior, 1907), Ch. Draftsman, Davidson’s Steam Pump 
Wks., and for mail, 256 Martense St., Brooklyn, N. Y. 























1262 CHANGES IN MEMBERSHIP 


EILERS, Karl Emrich (1890; 1904), Am. Smelting & Refining Co., 165 Broadway, 
and for mail, 320 Central Park W., New York, N. Y. 

ENGLISH, Harry K. (Associate, 1908), 213 Glenwood Blvd., Schenectady, N. Y. 

EYERMANN, Peter (1908), care of Am. Soc. M.E., 29 W. 39th St., New York, 
a ie 

FITCH, Alfred Lyon (Associate, 1907), Asst. Supt., Union Wire Mattress Co., 
Blackhawk St., and Cherry Ave., and for mail, 1132 E. 45th St., Chicago, 
Til. 

FORSYTH, William (1883), Manager, 1888-1891; Mech. Engr., R.R. Age Gazette, 
303 Dearborn St., and Windermere Hotel, Chicago, Il. 

FRITZ, Aime L. G. (Junior, 1907), Tee Square and Triangle Co., 30-32 Clinton 
St., Newark, N. J. 
FROHWEIN, Richard W. (Junior, 1907), Pur. Agt., M. H. Treadwell Co., 140 
Cedar St., New York, N. Y., and for mail, 431 Magee St., Elizabeth, N. J. 
GARDNER, Horace C. (1904), Mgr. Constr. and Mech. Depts., Swift & Co., and 
for mail, Kenwood Hotel, Chicago, Ill. 

GERRISH, William H. (1901), Supt. Soft Fibre Dept., Columbian Rope Co., and 
for mail, 164 W. Genesee St., Auburn, N. Y. 

GIELE, Walter S. (Junior, 1908), Harrison Safety Boiler Wks., Philadelphia, 
Pa., and for mail, 3 Hamilton Park, New Brighton, 8. I., N. Y. 

GILLAN, Howard A. (Junior, 1907), 116 W. 102d St., New York, N. Y. 

GODDARD, Arthur L. (1903), 1618 School St., Roekford, Ill. 

GOWIE, William (1905), Emily & Warren Aves., Crafton, Pa. 

GREEN, Chas. Henry (Junior, 1905), Member of Firm, M. A. Earl & Co., Car- 
thage, Mo. 

GROHMANN, Carl L. (1898), Meeh. Engr., Pratt & Whitney Co., and for mail, 
268 N. Oxford St., Hartford, Conn. 

HAGERTY, Walter W. (Junior, 1905), 720-A Quincy St., Brooklyn, N. Y. 

HALE, Robt. Sever (1894; 1897; 1899), Supt. Sales Dept., Edison Elec. Ill. Co., 39 
Boylston St., Boston, Mass., and for mail, 1131 Franklin Ave., Wilkinsburg, 
Pa. 

HAMILTON, Chester B., Jr. (Junior, 1909), Smith, Kerry & Chace, Cons. Engrs., 
and for mail, 43 Madison Ave., Toronto, Ont. 

HELVEY, Clarence H. (Junior. 1905), Seey., Republic Motor Car Co., Hamilton, 
QO. 

HENDEE, Edward Thomas (Associate, 1908), Mgr. Mchy. Dept., Joseph T. 
Ryerson & Son, and for mail, 4143 Sheridan Rd., Chicago, Ill. 

HENES, Louis G. (Junior, 1903), Mgr. Manning, Maxwell & Moore, Inc., Mgr., 
Commercial Acetylene Co., 247-249 Monadnock Bldg., San Francisco, Cal. 

HOLMES, Walter G. (1897; 1907), Ch. Draftsman, Linderman Mch. Co., Muske- 
gon, Mich. 

HOWARD, Chas. Alton (Junior, 1907), E. W. Bliss Co., Adams and Plymouth Sts., 
Brooklyn, and for mail, 180 W. 76th St., New York, N. Y. 

KEIL, Gustave B. (1908), Mech. Engr., 4109 N. Paulina St., Chicago, III. 

KENT, William (1880), Manager, 1885-1888; V. P., 1888-1890; Rm. 1203, Mon- 
adnock Bldg., Chicago, Ill. 

KNOWLTON, Frederic K. (Junior, 1904), V. P. and Secy., M. D. Knowlton Co., 
Rochester, and for mail, The Pines, East Ave., Pittsford, N. Y. 

KREBS, A. Sonnin (1901; Associate, 1905), Mech. Engr., 1368 Gilpin St., Denver, 
Colo. 
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LARKIN, Everett P. (Junior, 1906), Bridgeport Brass Co., and for mail, 255 
William St., Bridgeport, Conn. 

LATTIN, Judson (1891), Supt., Internat]. Harvester Co. of Canada, Ltd., Sher- 
man Ave., and 106 Ontario Ave., Hamilton, Ont. 

McMULLEN, Vincent E. (Associate, 1907), Mech. Engr. in charge Exp. Wks., 
Fairbanks, Morse Mfg. Co., and for mail, 1010 Prairie Ave., Beloit, Wis. 

MANTON, Arthur W. (1908), Murray Hill, Flushing, L. I., N. Y. 

OWENS, Robert B. (Associate, 1892), Southern Power Co., Trust Bldg., Charlotte, 
N.C. 
PAYSON, T. Elliott (Associate, 1906), Supt., Edengraph Mfg. Co., 135 W. 3d 
St., New York, N. Y., and for mail, 218 Clerk St., Jersey City, N. J. 
PINNER, Seymour W. (Junior, 1909), Instr., Univ. of Mich., and for mail, 724 
8. Ingalls St., Ann Arbor, Mich. 

PUCHTA, Edward (1909), Asst. Supt., Western Elec. Co., 48th Ave. and W. 24th 
St., and for mail, 4739 Sheridan Rd., Chicago, Ill. 

PULMAN, Thomas Chas. (1908), 153 Queen Victoria St., London, England. 

RICHTER, Arthur Wm. (Junior, 1892), Univ. of Montana, Missoula, Mont. 

RITCHIE, Francis P. (Associate, 1908), 32 Sussex Ave., Montreal, P. Q. 

ROSE, William H. (Junior, 1901), 325 W. 93d St., New York, N. Y. 

SALTZMAN, Auguste L. (1908), Charge Drafting Dept., Walter Scott & Co., and 
for mail, 605 Madison Ave., Plainfield, N. J. 

SCHMIDT, Charles R. (1895), V. P., Cent. Fdy. Co., 37 Wall St., New York, N. Y., 
and for mail, 200 E. 24th St., Baltimore, Md. 

SMART, Richard Addison (1894; 1900; 1906), Wks. Mgr., Oliver Chilled Plow 
Wks., South Bend, Ind. 

SMEAD, William H. (Junior, 1906), Genl. Fire Extinguisher Co., Warren, O. 

SMITH, Edward 8. (Junior, 1909), Instr., Univ. of Va., and for mail, P. O. Box 
172, University, Va. 

STEBBINS, Theodore (1903), 14-16 Church St., New York, N. Y. 

STONE, Mason A., Jr. (Junior, 1907), Engrg. Dept., Tide Water Oil Co., Bayonne, 
N. J., and for mail, 20 E. 35th St., New York, N. Y. 

STURGESS, John (1901), Western Rep., Platt Iron Wks. Co., and 17 Rockwood 
Ave., Dayton, O. 

TADDIKEN, J. F., Jr. (Junior, 1907), Am. Beet Sugar Co., Rocky Ford, Colo. 

TAYLOR, John W. (Junior, 1909), Asst. Supt., Russell Eng. Co., and for mail, 
88 3d St., Massillon, O. 

TOLTZ, Max E. R. (1904), Manistee & Grand Rapids R. R. Co., 702 Manhattan 
Bldg., St. Paul, Minn. 

WETMORE, Charles P. (1901), 1316 Carmen Ave., Chicago, II. 

WHITEHURST, Herbert C. (Junior, 1908), Mgr. Evans, Almirall & Co., 10th 
and Byrd Sts., Richmond, Va. 

YOUNG, William A. (1901; 1905; 1906), 5228. Arch St., Alliance, O. 


NEW MEMBERS 


JACKSON, F. W. (1909), Dist. Mgr., Harrisburg Fdy. & Mch. Wks., Continental 
Trust Bldg., Baltimore, Md. 

KOENIG, Adolph G. (Associate, 1909), Member of Firm, Mortensen & Co., Engrs. 

and Contrs., 401 W. 24th St., New York, N. Y. 
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GAS POWER SECTION 
CHANGES OF ADDRESS 


ANDERSON, Harry Warfield (1909), Anderson-Kent Co., 1030 Candler Bldg,, 
and for mail, Owens Apts., 5 E. 3d St., Atlanta, Ga. 

CONLEE, George D. (1908), Supt., Binghamton Gas Wks., 40 Chenango St., 
and for mail, 71 Carroll St., Binghamton, N. Y. 

CRAWLEY, George E. (1908), 548 W. 124th St., New York, N. Y. 

ENGLISH, Harry K. (1909), 213 Glenwood Blvd., Schenectady, N. Y. 

HOWARD, Chas. Alton (1908), E. W. Bliss Co., Adams and Plymouth Sts., 
Brooklyn, and for mail, 180 W. 76th St., New York, N. Y. 

LUCKETT, Gustavus Tyler (Affiliate, 1908), Mgr. Piping Dept., M. W. Kellogg 
Co., 50 Church St., and for mail, 603 W. 146th St., New York, N. Y. 

McMULLEN, Vincent E. (1908), Mech. Engr. in charge Exp. Wks., Fairbanks, 
Morse Mfg. Co., and for mail, 1010 Prairie Ave., Beloit, Wis. 

MITKIEWICZ, R. 8. de (Affiliate, 1908), Sales Engr., Alden Sampson Mfg. Co., 
115 Broadway, and for mail, 214 W. 85th St., New York, N. Y. 

SAGE, Darrow (Affiliate, 1908), Ch. Engr., J. C. P. H., Hudson & Manhattan 
R. R. Co., Jersey City and for mail, 20 Ivanhoe Terrace, East Orange N. J. 

SAMPSON, Charles C. (Affiliate, 1909), Inspr., Gas Power Mehy., Ill. Steel Co., 
South Chicago, and for mail, 646 E. 73d St., Chicago, Il. 














rs 


etc ena 


STUDENT SECTION 
CHANGES OF ADDRESS 


BLUM, Jos°vh K. (Student, 1909), Hotel San Remo, 75th St. and Central Park, 
W., New York, N. Y. 

BRAKMAN, John A. (Student, 1909), 271 W. 71st St., New York, N. Y. 

COONRADT, Arthur C. (Student, 1909), 635 Longwood St., Rockford, Ill. 

COYLE, J. F. (Student, 1909), 2218 E. 101st St., Cleveland, O. 

HERRMANN, George A. (Student, 1909), Rm. 1720, Ry. Exchange Bldg., Chicago, 
Ill. 

HOLLENBERGER, Tho. J. (Student, 1909), 259 S. Main St., Akron, O. 

JANDA, Jas. F. (Student, 1909), 1001 S. 5th St., Champaign, III. 

MONTAGUE, Charles E. (Student, 1909), 115 W. Castle St., Syracuse, N. Y. 

SHULTS, L. J. (Student, 1909), 1860S. Kedzie Ave., Chicago, IIl. 

SPERRY, F. E. (Student, 1909), 583 Benton St., Aurora, III. 

TORRANCE, C. Everett (Student, 1909), 638 Stewart Ave., Ithaca, N. Y. 


NEW MEMBERS 


LELAND STANFORD, JR., UNIVERSITY 


BECKLEY, R. E. (Student, 1909), Stanford Univ., Cal. 
BLEE, H. H. (Student, 1909), 214 Emerson St., Palo Alto, Cal. 
BRASSY, L. P. (Student, 1909), Box 636, San José, Cal. 
HERBERT, E. H. (Student, 1909), Los Altos, Cal. 

MESTON, A. F. (Student, 1909). Stanford Univ., Cal. 
NORWOOD, C. T’. (Student, 1909), Stanford Univ., Cal. 
STEINBECK, C. E. (Student, 1909), Kingman, Ariz. 
WARREN, H.C. (Student, 1909), Stanford Univ., Cal. 


UNIVERSITY OF ILLINOIS 


DUNSHEATH, L. M. (Student, 1909), 509 S. 4th St., Champaign, Ill. 
HEILMAN, H. C. (Student, 1909), 912 S. Nevada St., Urbana, III. 
HUNTINGTON, C. 8S. (Student, 1909), 906 S. Fifth Ave., Champaign, IIl. 
KREIDLER, D. W. (Student, 1909), 410 Chalmes St., Champaign, III. 
KUPPATRICK, H. J. (Student, 1909), 501 E. Green St., Champaign, Ill. 
LUND, J. (Student, 1909), 506 E. John St., Champaign, Ill. 

SPONSEL, J. G. (Student, 1909), 304 E. Daniel St., Champaign, III. 
WESTLAND, A. F. (Student, 1909), 1202 W. Main St., Urbana, IIl. 














COMING MEETINGS 
NOVEMBER AND DECEMBER 


Secretaries or members of societies whose meetings are of interest to engineers are invited 
to send in their notices for publication in this department. Such notices should be in the 
editor’s hands by the 18th of the month preceding the meeting. 


ALABAMA LIGHT AND TRACTION ASSOCIATION 
November 15, 16, annual convention, Birmingham. Secy., Lloyd Lyon, 158 
Government St., Mobile. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
December 27, Boston, Mass. Secy., L. O. Howard, Smithsonian Institution, 
Washington, D. C. 

AMERICAN CIVIC ASSOCIATION 
November 15-19, Cincinnati, O. Secy., Richard B. Watrous, Harrisburg, Pa. 

AMERICAN FEDERATION OF TEACHERS OF MATHEMATICS 
December 28, 29, annual meeting, Baltimore, Md. Secy.,C. R. Mann, Univer- 
sity of Chicago. 

AMERICAN INSTITUTE OF ARCHITECTS 
December 14-16, annual convention, Washington, D. C. Secy., Glenn 
Brown, Octagon Bldg. 

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
December 8-10, annual meeting, Philadelphia, Pa. Secy., J. C. Olsen, Poly- 
technic Institute, Brooklyn, N. Y. 

AMERICAN MATHEMATICAL SOCIETY 
November 27, University of Missouri, Columbia, Mo., Southwestern Section. 
Secy., O. D. Kellogg, 411 Hitt St. 

AMERICAN PHYSICAL SOCIETY 
November 27, University of Illinois, Urbana, Ill. Secy., Ernest Merritt, 
Ithaca, N. Y. 

AMERICAN RAILWAY ASSOCIATION 
November 17, annual meeting, Chicago, Ill. Secy., W. F. Allen, 24 Park 
Pl., New York. 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
November 17, Boston, Mass. December 7-10, annual meeting, 29 W. 39th 
St., New York. July 26-29, 1910, joint meeting with Institution of Mechanical 
Engineers, Great Britain. Secy., Calvin W. Rice, New York. 

AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 
December 28, 29, annual meeting, Ames, Ia. Secy., L. W. Chase, Univ. 
of Neb., Lincoln, Neb. 

AMERICAN SOCIETY OF REFRIGERATING ENGINEERS 
December 6, New York meeting. Secy. W. H. Ross, 154 Nassau St. 
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AMERICAN SOCIETY OF SWEDISH ENGINEERS 
November 20, 271 Hicks St., Brooklyn, N, Y. Paper: Magnetic Separa- 
tion of Iron Ores, N. V. Hansell. Secy., E. Hammerstrom. 

ASSOCIATION OF AMERICAN PORTLAND CEMENT MANUACTURERS 
December 14, 15, annual meeting, New York. Secy., P. H. Wilson, Land 
Title Bldg., Philadelphia, Pa. 

ASSOCIATION OF TRANSPORTATION AND CAR ACCOUNTING OFFI- 

CERS 
December 14, 15, Chattanooga, Tenn. Secy., G. P. Conard, 24 Park PI., 
New York. 

BROOKLYN ENGINEERS’ CLUB 
November 18, December 2, 117 Remsen St., Brooklyn, N. Y. Papers: 
Pneumatic Foundations, T. K. Thomson, Mem.Am.Soc.M.E.; Steel Sheet 
Piling, A. R. Archer. Secy., Joseph Strachan. 

CENTRAL ELECTRIC RAILWAY ASSOCIATION 
November 18, Claypool Hotel, Indianapolis, Ind. Papers: A Centralized 
Testing Organization, J. G. Callan; Publicity, A.D. B. Van Zandt; The Claim 
Adjusters’ Association, E. C. Carpenter; The Transportation and Traffic 
Association, J. B. Crawford. Secy., A. L. Neereamer. 

CENTRAL RAILWAY AND ENGINEERING CLUB OF CANADA 
November 16, December 21, Prince George Hotel, Toronto. Papers: Gas 
Engines, their Origin and Commercial Use, D. M. Henderson; Gas Manu- 
facture, C. G. Herring. Secy., C. J. Worth, Union Sta. 

COLORADO SCIENTIFIC SOCIETY 
December 18, annual meeting, Denver. Secy., Dr. W. A. Johnston, 801 
Symes Bldg. 

EASTERN ICE ASSOCIATION 
November 18-20, New York. 

EMPIRE STATE GAS AND ELECTRIC ASSOCIATION 
November 17, 18, 29 W. 39th St., New York. Secy., C. H. B. Chapin. 

ENGINEERS’ CLUB OF PHILADELPHIA 
November 20. Paper: Rating of Pitot Tubes for Use in Testing a 
Niagara Power Plant. Secy., W. P. Taylor. 

ENGINEERS’ CLUB OF ST. LOUIS 
December 1, annual convention, 3817 Olive St. Secy., A. S. Langdorf, 
Washington University. 

ENGINEERS’ CLUB OF TORONTO 
November 18. Paper: Facts and Figures Relating to Producer Plant Prac- 
tice, M. Chapman. Secy., R. B. Wolsey. 

FRANKLIN INSTITUTE 
December 10, Witherspoon Hall, Philadelphia, Pa. Lecture: Perils of 
Peace, or A Safer America, W. H. Tolman. 

MODERN SCIENCE CLUB 
November 16, 23, 30, 125 S. Elliott Pl., Brooklyn, N. Y. Papers: Globe, 
Gate and Check Valves, Russell Bonnell; The Use of Incandescent Lamps 
in Illumination, B. F. Fisher, Jr.; Water Storage for Power in the Adiron- 
dacks, W. T. Donnelly, Mem.Am.Soc.M.E. Secy., J. A. Donnelly. 

NATIONAL ASSOCIATION OF RAILWAY COMMISSIONERS 
November 16, annnal meeting, Washington, D. C. Secy., M. 8, Decker, 
Albany, N. Y. 
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NATIONAL CIVIC FEDERATION 
November 22, 23, annual meeting, New York. Secy., D. L. Cease, Metro- 
politan Bldg. 

NATIONAL COMMERCIAL GAS ASSOCIATION 
December 12, 14, annual convention, Madison Square Garden, New York. 
Secy., L. S. Bigelow, Light Publishing Co., Willimantic, Conn. 

NATIONAL GAS AND GASOLENE ENGINE ASSOCIATION 
November 30, December 1, 2, LaSalle Hotel, Chicago, Ill. Secy., Albert 
Stritmatter, Cincinnati, O. 

NATIONAL MUNICIPAL LEAGUE 
November 15-19, Cincinnati, O. Secy., C. R. Woodruff, 121 8. Broad St., 
Philadelphia, Pa. 

NATIONAL SOCIETY FOR PROMOTION OF INDUSTRIAL EDUCATION 
December 1-3, annual convention, Milwaukee, Wis. Secy., J.C. Monaghan, 
20 W. 44th St., New York. 

NEW JERSEY SANITARY ASSOCIATION 
December 3, 4, annual meeting, Laurel-in-the-Pines, Lakewood. Secy., 
J. A. Exton, 75 Beech St., Arlington. 

NEW YORK RAILROAD CLUB 
November 19, 29 W. 39th St. Paper: The Handling of Freight at Terminals, 
H. MclI. Harding. Secy., H. D. Vought, 95 Liberty St. 

OHIO SOCIETY MECHANICAL, ELECTRICAL AND STEAM ENGINEERS 
November 19, 20, main annual meeting, Lima, O. Secy., David Gaehr, 
Schofield Bldg., Cleveland. 

RICHMOND RAILROAD CLUB 
December 13. Paper: Block Signals, Chas. Stephens. Secy., F. O. Robin- 
son. 

ROCHESTER ENGINEERING SOCIETY 
December 10, annual meeting. Secy., John F. Skinner , 54 City Hall. 

SHORT LINE RAILROAD ASSOCIATION 
December 14, annual meeting, New York. Secy., J. N. Drake, 60 Wall St. 

SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 
November 18-19, general meeting, 29 West 39th St., New York. Papers: 
Applications of Electricity to the Propulsion of Naval Vessels, W. L. R. 
Emmet, Mem.Am.Soc.M.E.; The Producer-Gas Boat Marenging, H. L. 
Aldrich, Assoc.Mem.Am.Soc.M.E.; The Foreign Trade Merchant Marine, G. 
W. Dickie, Mem.Am.Soc.M.E.; Material-Handling Arrangements for Vessels 
on the Great Lakes, A. E. Brown, Mem.Am.Soc.M.E., etc. Secy., W. J. 
Baxter. 

SOUTHERN AND SOUTHWESTERN RAILWAY CLUB 
November 18, annual meeting, Candler Bldg., Atlanta, Ga. Papers on Oil 
Lamps, Front-End Arrangements, Draft-Rigging. Secy., A. J. Merrill, 218 
Prudential Bldg. 

SOUTHWESTERN ICE MANUFACTURERS’ ASSOCIATION 
November 16-18, San Antonio, Tex. 

WASHINGTON SOCIETY OF ENGINEERS 
November 24, anniversary celebration. Secy., Paul Bausch. 
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WESTERN SOCIETY OF ENGINEERS 


November 20, December 1, 1735 Monadnock Blk., Chicago, II. 
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Papers: 


The Panama Railroad, Ralph Budd; Compressed Air in Contract Work, 
M. W. Briseler; River and Harbor Improvements at Chicago and the Calu- 


met, T. H. Rees. 


MEETINGS TO BE HELD IN THE ENGINEERING BUILDING 


Date 
November Society 
16 New York Telephone Society . .. ;, 
17-18 Empire State Gas and Electric Asso . 


18-19 Naval Architects and Marine Engineers 
19 New York Railroad Club............ 
24 Municipal Engineers of City of New York. 


December 
1 Wireless Institute 


2 Blue Room Engineering Society. . 

4 Amer. Soc. Hungarian Engrs. and Archts 
7-10 The American Society Mech. Engineers 

9 Illuminating Engineering Society. . 

10 American Institute of Electrical Engineers, 
17 New York Railroad Club....... 
21 New York Telephone Society ‘ 
22 Municipal Engineers of City of N. Y....... 


Secretary 


...T. H. Lawrence 
..C. H. B. Chapin. . 
.W. J. Baxter ... 


H. D. Vought. . 


..©. D. Pollock. 


S. L. Williams 
.W. D. Sprague 
Z. DeNemeth 
Calvin W. Rice 
.P. 8. Millar 

R. W.Pope.. 
H. D. Vought 
.T. H. Lawrence 


. C. D. Pollock 


Time 


ta 


.00 


All day 


All day 


8 
8 


~sI 


oo OO 


15 
15 


.30 
.00 
. 30 


.00 
.00 
.15 
.00 
15 








OFFICERS AND COUNCIL 


PRESIDENT 
Er EE nds cidade dvds cts ocedesateleentdadeeeeetiswen New York 
VICE-PRESIDENTS 
it rT: ... dna sa weed OMe eins 6a Sauteed banenndl Urbana, Ill 
I ED wb 0 cv cdc ve csvccwalen- secvetsoscessebessa Center Bridge, Pa. 
BE WHEE oc vce deccdoccnccentebetesssdscdeccsedoes E. Pittsburg, Pa. 
Terms expire at Annual Meeting of 1909 
oo nan ne gpsrnnthed Sever aednaewEneeceeen Hartford, Conn 
oe we ol a bin hice aad boa kb 2D Roiee Ithaca, N. Y 
i hie Sah a cians ha aie alee ake an i Se dis, 0.00:04 cde New York 


Terms expire at Annual Meeting of 1910 


PAST PRESIDENTS 
Members of the Council for 1909 


ESOTERIC OPE EEO Cleveland, O 
a ER Le EE Ne SPE oe Providence, R. I. 
SE la ED wa du doc as sone nes cccewrsegsnncess Philadelphia, Pa. 
ook he an ww arent cise Latamiheds halaaeale Ril bated New York 
i Wk EN anc due ks s cepeccsdtintak Seas hs ekaveced Sot St. Louis, Mo 
MANAGERS 
i a 2 git ial i fa oh rh alls New York 
i i I IID o's cc ccccvcedeccsswusns: coves Newburg, N. Y 
BM, De TED cv cccccccccvccccccscndescececsvecssecocces Bridgeport, Conn. 
Terms expire at Aanual Meeting of 1909 
EE Masao recedescetd dude teecetuwescsdecrsccvaceed Chicago, Ill 
ee Cn |... cs wavs cBeGNe ates cnehtneenesadaceensal New York 
I 5 Si ears vo KoA Canadien aved ewdweses New Rochelle, N. Y. 
Terms expire at Annual Meeting of 1910 
Be i ra re ad dacs Getln abetaneaaeebeen New York 
ip I ot citnitn'n dst on bdinetl Ween acemneene ses ehmeie Boston, Mass. 
Pr EE. hiv atnwe So 0s on ceed emieebbeestesseeawes Milwaukee, Wis. 
Terms expire at Annual Meeting of 1911 
TREASURER 
og 5 eC oie ead eb se Redes meaeesssbceceoks New York 
HONORARY SECRETARY 
I iia tend ata h es ake oe Chaba sae doe dk aeao ee New York 


Artour M. Wairt 


SECRETARY _ 
CE WEE Sb dd caccs wcbdbeweenteensed 29 West 39th Street, New York 











EXECUTIVE COMMITTEE OF THE COUNCIL 


Jusse M. Surru, Chairman F. R. Hurron 
Autex. C. Humpureys Frep J. Minter 
F, M. Warts 


STANDING COMMITTEES 


FINANCE 
Antaor M. Warrt (1), Chairman Geo. J. Roperts (3) 
Epwarp F. Scunuck (2) Rosert M. Drxon (4) 
Waupo H. Marsuaut (5) 
HOUSE 
Henry S. Loup (1), Chairman Bernarp V. Swenson (3) 
Wiuiiam Carter Dickerman (2) Francis Biossom (4) 


Epwarp Van Winxcie (5) 


LIBRARY 
Joun W. Lizs, Jr. (4), Chairman AmBRosE Swasey (2) 
H. H. Suruzs (1) LzonaRD Waxpo (3) 
Cuas. L. Cuarxm (5) 


MEETINGS 
Wiis E. Haut (1), Chairman L. R. Pomeroy (3) 
Wu. H. Brran (2) Cuaritzs E. Lucker (4) 
H. pe B. Parsons (5) 


®° MEMBERSHIP 


7 
Henry D. Hissarp (1), Chairman Francis H. Srinuman (3) 
Cuaruzs R. Ricnarps (2) Gezorgs J. Foran (4) 
Hossa Wesstsr (5) 


PUBLICATION 


Arruur L. Wituiston (1), Chairman 


J. Porter (3) 
D. 8S. Jacosus (2) 


H. F. 
H. W. Spaneuzr (4) 
Geo. I, Rocxwoop (5) 


RESEARCH 
W. F. M. Goss (5), Chairman R. C. CanrmntTer (2) 
Jas. Curistie (1) R. H. Ricw (3) 
Cuas. B. Dupiey (4) 


Nors.—Numbers in parentheses indicate length of term in years that the member has yet 
to serve. 
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SPECIAL COMMITTEES 


1909 
On a Standard Tonnage Basis for Refrigeration 
D. 8S. Jacosus G. T. VoorHEEs 
A. P. TravuTweIn Paiute De C. Bah 
E. F. Mituer 
On Society History 
Joun E. Sweer H. H. Supiee 


CHas. WALLACE Hunt 


On Constitution and By-Laws 
Cuas. Wauuace Hunt, Chairman F. R. Hurron 
G. M. Basrorp D. 8S. Jacosus 
Jesse M. Surru 


On Conservation of Natural Resources 
Gro. F. Swarn, Chairman L. D. BuRLINGAME 
Cuartes WHITING BAKER M. L. Houtman 
Catvin W. Rice 


On International Standard for Pipe Threads 
E. M. Herr, Chairman Geo. M. Bonn 
Wituram J. BaLpwiNn Srantey G. Fxiaaa, Jr. 


On Thurston Memorial 
Autex. C. Humpsreys, Chuirman e Cas. WautLace Hont 
R. C. CARPENTER J. W. Lies, Jr. 


. Frep J. MILLER 


On Standards for Involute Gears 
Wiurrep Lewis, Chairman E. R. Fettows 
Hvuaeo Bireram C. R. GaBrie. 
GAETANO LANZA 


On Power Tesis 
D. 8. Jacosus, Chairman L. P. BrecKENRIDGE Epwarp F, MILueR 
Epwarp T. Apams WiiuraMmM KENT ARTHUR WEST 
Georce H. Barrus CHariLes E. Lucke ALBEertT C. Woop 


On Land and Building Fund 
Frep J. Mituer, Chairman James M. Dopez 
R. C. McKinney 
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SOCIETY REPRESENTATIVES 
1909 


On John Fritz Medal 
Henry R. Towne (1) F. R. Hurron (3) 
AmBrose Swasey (2) Caas. Watuace Hon (4) 


On Board of Trustees United Engineering Societies Building 


Cuas. Wauuace Honrt (1) F. R. Hurron (2) 
Frep J. Miuuer (3) 


On Library Conference Commitiee 


J. W. Lies, Jr., CHAIRMAN OF THE LipRARY ComMITTeE or Tue Am. Soc. M. E. 


On National Fire Protection Association 


Joun R. FREEMAN Ina H. Woo.son 


On Joint Committee on Engineering Education 


Autex. C. HumpHreys F. W. Tayior 


On Government Advisory Board on Fuels and Structural Materials 


Geo. H. Barrus P. W. Gatss 
W. F. M. Goss 


On Advisory Board National Conservation Commission 
Geo. F. Swain Joun R. FREEMAN 


Cuas. T. Main 


On Council of American Association for the Advancement of Scrence 
Atex. C. HuMPHREYs Frep J. Mituzr 


Notrsz.—Numbers in parentheses indicate length of term in years that the member has yet 
to serve. 
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OFFICERS OF THE GAS POWER SECTION 


1909 
CHAIRMAN 
F. R. Low 
SECRETARY 
Geo. A. Onrox 
GAS POWER EXECUTIVE COMMITTEE 
F. H. Srituman, Chairman G. I. Rocxwoop 
F. R. Hurron H. H. Suruze 
R. H. Fernanp 
GAS POWER MEMBERSHIP COMMITTEE 
Rosert T. Lozrer, Chairman D. B. Rusumore 
Aupert A. Cary A. F. Srrmuiman 
H. V. O. Cozs G. M. 8S. Tarr 
A. E. Jounson Gzorcs W. WuytTe 
F. 8. Kine 8. 8. Wrzer 
GAS POWER MEETINGS COMMITTEE 
Crecu, P. Pootz, Chairman E. 8. McCie.Lanp 
R, T. Kent C. T. Witxinson C. W. Oserr 
GAS POWER LITERATURE COMMITTEE 
C. H. Bansamin, Chairman L. 8. Marxs 
H. R. CosieieH T. M. Paerrer.ace 
G. D. Contzz G. J. Rarasun 
R. S. pp Mrrxrewics W. RavuTEeNsTRAUCH 
L. V. GomBBELs 8. A. Reeve 
L. N. Lupy A. J. Woop A. L. Ricz 
GAS POWER INSTALLATIONS COMMITTEE 
J. R. Brssins, Chairman A. Bement 
L. B. Lent 
GAS POWER PLANT OPERATIONS COMMITTEE 
I. E. Mouutrop, Chairman H. J. K. Freyn C. H. ParRKer 
J. D. ANDREW N. T. Harrineton J. P. Sparrow 
W. H. Buavve.r : J. B. Kuumpr A. B. Sreen 
V. Z. CARACRISTI G. L. Knigut F. W. Waker 
E. P. Coneman J. L. Lyon C. W. Warrtne 
C. J. Davipson D. T. MacLzop, Paut Winsor 
W. T. DonneLiy V. E. McMutien T. H. Yaweur 
GAS POWER STANDARDIZATION COMMITTEE 
C. E. Lucxs, Chairman E. T. ADams 
Argruur West James D. ANDREW 
J. R. Breas H, F. Surra 


Louis C. Domiume 
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OFFICERS OF STUDENT BRANCHES 


STUDENT BRANCH AUTHORIZED HONORARY CHAIR- | PRESIDENT SECRETARY 
BY COUNCIL MAN 


1908 
Stevens Inst.of Tech., December 4 Alex. C. Humphreys | H. H. Haynes R. H. Upson 
Hoboken, N. J. 


Cornell University, December 4 R. C. Carpenter | C. F. Hirshfeld 

Ithaca, N. Y. 
1909 | 

Armour Inst. of Tech. March 9 C. F. Gebhardt N. J. Boughton | M. C. Shedd 
Chicago, Ill. 

Leland Stanford, Jr.,, March 9 W. F. Durand | P. H. Van Etten H. L. Hess 
University, Palo 
Alto, Cal. 

Polytechnic Institute, March 9 W. D. Ennis J. 8. Kerins Percy Gianella 
Brooklyn, N. Y. 


State Agri. College of March 9 Thos. M. Gardner J. J. Karstetter 8S. H. Graf 
Oregon, Corvallis, | 

Purdue University, March 9 | L. V. Ludy E. A. Kirk J. R. Jackson 
Lafayette, Ind. 

Univ. of Kansas, March 9 | P. F. Waiker H. 8. Coleman John Garver 
Lawrence, Kan. 

New York Univ., C. E. Houghton Andrew Hamilton 
New York. 

Univ. of Illinois, W. F. M. Goss W. F. Colman 8. G. Wood 
Urbana, Ill. 

Penna. State College 
State College, Pa. 
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